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@ Drug delivery compositions and methods.

Drug delivery compositions yield new and unexpected

Agrees of stabilization, solubilization and delivery of incorpor-

ated medicaments, drugs, or other phy9ioIog)cany-actrve com-
pounds. The compositions enable administration of drugs and
other medically useful compounds via a variety of routes. More
particularly, a drug delivery system or composition including

one or more monomelic or polymerized surface active agents

allows for rapid dissolution and smooth liberation of any desired

incorporated drug or combinations, and the method of

preparing the drug composition, in one embodiment, the

physiologically-active compound is encapsulated by a coacer-

vate-derived film, and the finished product is suitable for

transmucosa! administration. Other formulations of this inven-

tion may be administered via inhalation, oral, parenteral and by

transdermal routes.
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Description

DRUG DELIVERY COMPOSITIONS AND METHODS

The present Invention relates to a stable drug delivery composition In oral dosage form or capable of new
and unexpected stabilization, solubilization and delivery of stable drug components in parenteral form at the

5 pH of body tissue. More particularly, the present invention is directed to a drug delivery system or composition

that allows for rapid dissolution and smooth liberation of any desired drug either orally or parenteraiiy without

precipitation, and the method of preparing the drug composition. In accordance with one embodiment of the

present invention, liposomes and their contents can be enveloped in a coacervate-based film to prevent

disintegration of liposome vehicles.

10 Drugs now in common use often require formulation compromises in order to prepare the marketed

product. Thus, many parenteral compositions must be prepared using the salt of the parent compound and an

excessive pH.

The instability of many useful drugs and other useful medical compositions poses other formulation

problems. At present, emulsions, microemuisions and liposomes constitute the principal approaches to these

75 problems. While such dosage forms are an advance over older forms, they are often associated with erratic

bioavailability and instability of their own.

The herein disclosed invention comprises a method to prepare compositions and compositions which

deliver medically useful compositions effectively. The method is based upon the use of a non-toxic aqueous
coacervate; said method produces stable microemuisions comprised of particles in which one or more

20 pharmaceutical components have been incorporated. Through the process of this invention particles are

enveloped by a coacervate-based film. The compositions of this invention may be administered orally,

parenteraiiy or by tissue absorption, as required.

The disclosed method enables the preparation of particles of any desired size and any degree of particle

surface film hardness, any number of coacervate-derived films of any desired thickness, or any combination of

25 particle sizes and surface hardnesses. In preferred compositions prepared by the disclosed invention, the

particle size is about 1 micron or less. The pharmaceutical component(s) may be any water soluble or water

insoluble medically useful composition or combinations of such compositions.

The inventor has previously disclosed compositions based on a coacervate system using albumin and
lecithin as principal components of the system. However, by polymerizing one or both of these components,

30 the inventor has not only simplified the method but unexpectedly produced a preparation with vastly improved

encapsulating capability. Details of this improvement are presented in the Experiments Section.

While there are apparent similarities to the inventor's prior art, this application differs significantly in several

important aspects. Thus, encapsulation is a fundamental aspect of the inventor's prior art and the present

invention. However, by polymerizing one or more of the surfactants used In the present invention, and/or by *

35 modifying the previously disclosed processes, the proportion of the pharmaceutical component incorporated

in the present formulation is approximately two to six times greater than that of formulations disclosed earlier.

The intravenous delivery of many pharmaceutical preparations has been limited to the use of aqueous
singular systems, as discussed, based upon the salt of a parent compound and/or the dissolution of the

compound by agents such as a propylene glycol or alcohol. Other known systems which function primarily as

40 blood substitutes, however, are able to solubilize and deliver drugs infused therein to a restricted degree. U.S.

Patent No. 4,343,797 discloses a method of preparing a synthetic blood substitute based upon a two-phase

heterogeneous physico-chemical system which provides for oxygen transport and other physiological

functions inherent to whole natural blood. In U.S. Patent No. 4,439,424 a preferred synthetic blood composition

comprises albumin, water, sodium chloride, urea and lecithin in the form of a two-phase coacervate system

45 which is rendered isotonic with human blood by the addition of controlled amounts of the sodium chloride.

U.S. Patent Nos. 4,558,032, 4,539,204 and 4,596,778 relate to gelatin based syn thetic blood substitutes based

upon a two-phase coacervate system utilizing respectively, gelatin and acacia; two gelatins; modified fluid

gelatins of different Isoelectric points; and gelatin or modified gelatin and lecithin. U.S. Patent No. 4,547,490

discloses a further coacervate synthetic blood derived from an aqueous solution containing albumin, sodium

50 chloride and lecithin in a nonpoiar or semipoiar solvent.

These known products have been found to be capable of carrying drugs, but have been designed to serve

as a resuscrtative fluid much in the manner of whole natural blood. One of the principal formulation problems

successfully addressed by the aforementioned patents is maintenance of the structure and integrity of the

microparticles (synthocytes) which comprise the composition.

55 The hemoglobin component of this composition (i.e., stroma-free hemoglobin, pyridoxilated-polymerized

hemoglobin, liposome encapsulated hemoglobin and the like) remains functional and encapsulated within the

microparticles (synthocytes) until the particles are metabolized and eliminated from the body. Encapsulation

of the hemoglobin component not only preserves functionality but reduces or eliminates endotoxic reactions

associated with non-encapsulated hemoglobin. The term "synthocyte" as used in this specification refers to

60 the microparticles of this invention, the particles being about 1 micron or less in any single dimension when
administered parenteraiiy, and comprised of a coacervate-based matrix which contains the active

component(s) ; and a coacervate-based film which envelopes the contents of the microparticle and constitutes

the outer surface of the particle. The enveloping film may be comprised of one or more layers as required to
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prepare the desired composition. In this specification the terms -partlde
D

, 'synthocyte" and Sfricropartfeie'
will be used interchangeably.

*

Another example of a coacervate-based system Is disclosed in IntemationaJ application PCT/US85/Dom
published November 21.1985, relating to ah oral dosage composition and method of preparation to enabte tfft
oral administration of insulin. The problenis addressed by the disclosed coacervate system, however M6kj& $
the need for protection of the Insuiin against degradation by enzymes, and factors such as the acid-base
balance and other gastrointestinal conditions arid processes. The coacervate-based ffrn envelopes eftGh
individual Insulin molecule to Inhibit the Interaction between the insulin component and the degrading
conditions. <~ . .

The prior art describing the liposome technology Includes the following: The Ash and Hfcter U 8 Patent to

S^^Stl^8, 1979 8nW*d ^0$OMES AND ™&R USH IN TREATING HUMAN OR OTHER
MAMMALIAN PATIENTS, describes microvesides which are reportedly stabilized by the Incorporation itf a
polymer having at least six atoms attached to the backbone thereof; said vesicles ihcomoratlng a
physioploglcaily-active substance. KeRy U.S. Patent No. 4.356,167 entitled LIPOSOME DRUG DELIVERY
SYSTEMS, filed June 22, 1981

,
describes a liposome medicament delivery system whefefri Hie medicament Is f$

in an aliphatic Ilquid-sterol-water lamellae. The fipfd may be a sodium or potassium salt of a C* to Ci 8 fatty add
and the sterol may be cholesterol. Kad, Y. and Lbb, T., Pharmacological Disposition Nedatfveiy Ghartied
Phospholipid Vesicles in Rats, J. of Pharra Set. 59;11, 1980, pp. 1336-1343 coMains a report of experiments
which investigated the pharmacological disposition of four negatively changed phbsphbltpfd vestetes
Gregoriadls, G:, the Carrier Potential of Lfptodmes to Biology and Medicine; N.E. J. of Med. Vol. 28S> No i£ &
1976, describes the Use of liposomes to cany a latge variety of biologically interesting ddmftfsfttofts tociuShg
hormones, drugs, steroids, vitamins, viruses and other compositions sufch as histamine. Doucet, D at eJ>
Oxygen Binding of Artificial Erythrocytes, In Proceedings of Int. Sot. of Aftff. Otgahs, S, (SuW 1*81

'

pp. 392-395, describes the use of liposomes to incorporate a concentrated hemogte«h solution Qaber B et
al; Encapsulation of Hemoglobin ill Phospholipid Vesicles, FEBS Letters, Vol. S, 1983, pp 28&-fflB? 26
describes a method to encapsulate hemoglobin In phospholipid vesicles. Gruner, 8., Novel MultBayered lm
Vesicles: Comparison of Physical Characteristics of Multilamellar Liposomes and Stable PhirtiameWe/ Veshjtes
Biochemistry, 24, 1985, 2833-2842, discusses the effects of osmotic compression on the production of various'
liposome compositions; Siebeni, J. et al.; Encapsulation of Hemoglobin in Phospholipid Liposome-
Characterization and Stability; Blbchemlstry; 24, 1985, 2827-2832, reports the encapsulation Of hemdglotetfh Ih «
liposomes of different lipid composition. Blood Policy and Technology; Office of Technology Assessment U S
Congress, U.S. Government Printing Office, 1985, pp. 146-151, reports the methods of formulation and the"
dffficulties encountered in using liposome based biood substitutes.

It is important to emphasize that liposomes differ from the coacervate preparations previously discussed
and herein disclosed in mode of manufacture, and in physical and structural properties. "

35
Coacervates are used in the preparation of the compositions of this invention. Ttie Inventor's pending U S

patent applications based on coacervate compositions include the following: Serial No. 591 ,774 filed Mafch2i,
1984.

The Ecanow et al application Serial No. 61 1 ,675, filed December 20, 1985, describes a synthetic whole blood
wherein the coacervate system is produced from lecithin dispersed in an aqueous solution containing albumin 40
and sodium chloride; said system enabling a more effective use of the incorporated pyridoxilated-polymerizea
hemoglobin.

J

The Ecanow application Serial No. 835,550, filed March 3, 1988, describes an oral dosage form ttf insuiin
based on the use of a coacervate system comprised of lecithin, albumin, and Insulin.
The Ecanow application Serial No. 711,068, filed March 12, 1985. describes an oral dosage form of atrial 46

peptides based on a coacervate comprised of lecithin, albumin, and atrial peptides.
The Ecanow application Serial No. 896,8*4, ffittJ August 14, 1986, describes a drug deH*wV syfetem based

upon an albumin-lecithin coacervate System using a solvent.
TTie Ecanow application Serial No. 0ti1,fl14,.filed January 8. 1987, describes an oral drug delivery system

based oh a dextran-polyethylene glycol coacervate.
" ^

The Ecanow application Serial No. 066,620, filed January 14, 1987, describes a composition Useful for
immunoassay procedures based upoh an albumin-lecithin coacervate system.
There are fundamental differences between this Invention arid the inventors prior art. In some tristanftes,

e.g., the blood substitute formulations, are based on precisely opposite theoretical and functional
charactenstics. Thus, the blood substitute formulations are based squarely on a gas exchange system. In this &
instance, oxygen is absorbed by the hemoglobin component of thfc synthocyte and released from the
hemoglobin to the tissues according to oxygen tensions. This phenomena Is represented ih.whole Wood ahd
some blood substitutes by a sigmoid curve. In contrast, in this invention, the drug is released from
encapsulation; the release can be represented by a straight fine function or by an exponential rate of raease

Further, the inventor's blood substitutes are specifically formulated to maintain the hemoglobin component 60
in an encapsulated state up to the time the synthocyte and its contents are metabolized. In the present
Invention, the formulations are designed to release the druQ from the synthocyte promptly after administration
The present invention provides for a variety of routes of administration; the Inventor's biood Substitutes are
restricted to intravenous Injection.



0 274 431

SUMMARY OF THE INVENTION

The method of this invention enables the preparation of carrier vehicles useful for the delivery of medically

useful compositions for man and animals. The finished products of this invention range from a red blood cell

substitute (resuscitation fluid) to aqueous based formulations of water Insoluble, water soluble and water

5 sensitive drugs.

The fact that in the method of this invention, aqueous formulations successfully incorporate and deliver

water insoluble and water sensitive drugs is evidence that this invention constitutes a significant advance in

the state of the art.

The aqueous based compositions of this invention comprise one or more of a large variety of surface active'

10 agents, that is, molecules which are non toxic and endogenous or exogenous to the body and can include one

or more monomelic, polymerized or poiymerizable surface active agents, particularly a polymerized form of a

protein such as albumin and/or a polymerized form of a phospholipid such as lecithin and may include one or

more surface active agents either in polymeric or monomeric form, including lecithin, albumin, gelatin,

modified liquid gelatin, acacia gel and combinations thereof. Finished products of this invention may be

15 administered by oral, parenteral, transdermal, transmucosal or inhalation routes, or by combinations of these

routes.

Formulations prepared according to the method of this invention are stable, pharmacologically-active and

will not precipitate in body tissue or fluid. Parenteral drugs now prepared to an excessive pH can be

reformulated using the method of this invention. The resulting product will have improved bioavailability and

20 absorption; said reformulation will reduce or eliminate pain and tissue damage associated with injection of

drugs with an excessive pH. The physiologically-active compounds, such as a drug, maybe in a concentrated

form, or may be dissolved or suspended in a carrier, e.g., a liquid carrier, such as an oil, glyceride, lipid,

coacervate phase(s) or within a film carrier such as a liposome. In one embodiment, a liposome is

encapsulated in a coacervate-based matrix or coacervate phase and/or coacervate-based film to prevent the

25 liposome from unravelling prematurely.

Either prompt or sustained release characteristics or mixtures thereof, can be manufactured by the method

of the present invention, into the circulatory system without being absorbed through the lining of the Gl tract.

The formulations are stable, pharmacologically active and will not precipitate in body tissue or fluid. The drug

delivery formulations of this invention include emulsions, microemulsions and coacervate phase encased

30 liposomes. In those delivery formulations which are prepared to an excessive pH and are administered

parenterally, the herein disclosed formulations will improve dissolution, be free of the pharmacokinetic

distortions associated with current drug vehicles and reduce or eliminate pain and tissue damage. Use of this

invention for orally administered drugs or other medically useful compositions significantly improves their

bioavailability and absorption. In brief, this invention comprises a coacervate system containing at least one

35 monomeric or polymerized surface active compound which can be processed to result in a composition

including one or more physiologically-active compounds coated or encased with a coacervate phase film and

may be in the form of a microemulsion to stabilize and improve the dosage forms specified above. The

physiologically-active compounds, such as a drug, may be in a concentrated form, or may be dissolved or

suspended in a carrier, e.g., a liquid carrier, such as an oil or glyceride, or within a film carrier such as a

40 liposome. In one embodiment, a liposome is encapsulated in a coacervate based matrix or coacervate phase

and/or coacervate based film to prevent the liposome from unravelling.

The method of this invention enables the preparation of carrier vehicles useful for the delivery of medically

useful compositions for man and animals. Thus, the disclosed method can be used to produce a composition

which comprises a red blood cell substitute (resuscitation fluid); if desired, by modifying the method, it will

45 produce an effective plasma expander. The method of the present invention using a polymerized or

poiymerizable surface active agent constitutes an improvement in incorporating ability ranging from two to six

times greater than that of the inventors previously disclosed methods.

The delivery systems of this invention encompass emulsions, microemulsions, encapsulated liposomes,

suspensions, gels and microsuspensions. The size of the coacervate-based encapsulated particles which

50 comprise the finished products of this invention extend from the nanogram range to about one micron when

administered parenterally. Larger size particles may be made by the disclosed method if required. Filtering

procedures may be used to Insure appropriate particle size. This invention envisages compositions in which

particles 1 micron or less are mixed with particles 2 microns or more.

In this Invention, the pharmacologically-active component is bound to or embedded in the coacervate matrix

55 comprising the pharmacologically-active compounds held in a coacervate matrix of the equilibrium water

phase and/or the coacervate phase forming a particle; and the particle, including the pharmacologically-active

component and equilibrium water and/or coacervate phase (forming the coacervate matrix) is then

encapsulated by a coacervate-based film. The coacervate-based film can contain one or more

pharmacologically-active component(s), and layered films can contain no, or different, pharmacologically-ac-

60 tive components. The film can be prepared to any degree of structure (hardness) ranging from soft (semi-gel

like) to rigid. The method provides for a mixture of particle sizes if desired, and for any degree of surface film

hardness, any number of surface films with or without an active compound, or combinations thereof.

In accordance with one embodiment of the present invention, a perhalogenated compound and a two-phase

aqueous coacervate system are combined to yield a useful composition that can be used to solubllize and

65 stabilize physiologically-active compounds. The resulting products can be administered orally or parenterally,

4
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preferably intravenously, to perform such useful functions as acting as a barrier to food absorption to assist in

weight reduction programs; as an oxygen-transporting contrast medium; and/or as a resuscitation fluki. The
method and composition of the present invention also can be used to solublllze and stabilize non-polar
physiologically-active pharmaceutical compounds, such as drugs, enzymes, blofogi cate, peptides,

antimicrobials, anesthetic agents, or combinations thereof. Surprisingly and unexpectedly, according ta the 5
present invention, the anesthetic agents, including gases, liquids and KcflJlfiabie gases, can be Incorporated
into the composition of the present Invention, in general, the composition and method of the present invention

facilitates the manufacture of medically-useful products and facilitates the introduction erf these

iiur-r-v : :v. medically-useful products Into the body. *>%

In accordance with another embodiment, the physiologically-active compound is a heme, hemoprotein, to

and/or a heme-hemoprotein Complex, such as stroma-free hemoglobin; polymerized hemoglobin; and/or
pyridoxllated, polymerized hemoglobin; and/or an oxygen solvent to augment the oxygen transport capability

of the body, to treat for several of the anemias and/or to act as an oxygen-carrying plasma extender.

OBJECTS OF THE PRESENT INVENTION r&

Accordingly, an object of the present invention is to provide a composition and a method of making the

composition wherein one or more physiologically-active compounds are encapsulated by an aqueous
coacervate-based film containing at least one monomelic or polymerized surface active compound to provide

unexpected stability to the composition.

Another object of the present Invention Is to provide a composition and a method of making the composition 2Q
wherein one or more physiologically-active compounds Is dissolved or dispersed In a Bqufd carrier and the
carrier and compound are encased In an aqueous coacervate-based matrix containing at least one monomerlc
or polymerized surface active compound, the composition including, an aqueous cofloid-rich phase or an
aqueous colloid-poor phase or a combination of both phases from a two-phase coacervate system.

Another object of the present invention Is to provide a composition and a method of making the composition 25
wherein one or more physlologicaJiy-actlve compounds is dissolved or dispersed in a liquid carrier, such as a
glyceride, and the carrier and compound are encased In an aqueous ooacervate-based matrix containing at

least one surface active compound including an aqueous colloid-rich phase or an aqueous coiioid-poor phase
or a combination of both phases from a two-phase coacervate system, thereby preventing the compound from
diffusing out of the composition prematurely, and to prevent degradation of the compound by body fluids. 30

Another object of the present invention is to provide a method of administering a physiologically-active

compound to a mammal by oral ingestion, tissue lining absorption or parenteral administration wherein the

composition includes one or more physiologicailyactive compounds in concentrated form or in a solid or liquid

carrier, encased in an aqueous coacervate-based matrix containing at least one surface active compound,
particularly a film containing an aqueous colloid-rich phase. 35

Still another object of the present invention is to provide a composition and a method of making the
composition wherein previously encapsulated physiologically-active compounds, such as compounds
encapsulated In a liposome, are further stabilized by encapsulation In an aqueous coacervate-based matrix

containing at least one surface active compound to prevent the compound from leaking by preventing the

liposome from unravelling prematurely. 40
A further object of the present invention is to provide a composition and a method of making the

composition wherein one or more physiologically-active compounds are encapsulated in an aqueous
coacervate-based matrix containing at least one polymerized surface active compound, the matrix Including a
colloid-rich or a colloid-poor phase, or a combination of a colloid-rich and a colloid-poor phase to stabilize the

physiologically-active compound and prevent the compound from prematurely leaking out of the 45
coacervate-based film, and to prevent compound-degenerative materials, such as enzymes, or other digestive

fluids, from reaching and degenerating the compound. It Is a further object of the present invention to provide

a non-toxic, two-phase aqueous coacervate-based composition, including a non-toxic perhalogenated
compound, such as a perhalogenated hydrocarbon and/or a perhalogenated amine, to solubftize and stabilize

physiologically-active compounds, such as drugs, enzymes, biologicals, peptides, antimicrobials, anestrfetlc 50
agents, oxygen carriers, contrast media and mixtures thereof, and to facilitate the oral or parenteral

introduction of the physiologically-active compound Into the body.

Another object of the present invention is to provide a composition and method of making the composition
wherein one or more physiologically-active compounds are encapsulated by an aqueous coacervate-based
matrix containing a polymer of lecithin to substantially and unexpectedly increase the yield or amount of 55
physiologically-active compound capable of being carried in the composition.

Another object of the present invention is to provide an aqueous coacervate-based Composition,

incorporating heme, hemoproteins, or a heme-hemoprotein complex, that can be used to Increase the

oxygen-transport and Iron-transport capabilities of the body, to treat various anemias and/or to extend plasma
volume. 60

Another object of the present invention is to provide a coacervate matrix enveloping one or more
physiologically-active compounds wherein the coacervate matrix Includes a plurality of surface active

compounds one of which is polymerized albumin or polymerized lecithin.

Another object of the present invention is to provide a composition and method of making the compound
wherein a three-layer coacervate system is formed using a physlologlca%-acceptable alcohol, and the middle §5

6



0274431

layer, comprising an aqueous colloid-rich phase, is separated from the other two layers and then formed into a

second, two-phase coacervate system with one or both phases or layers suitable for encapsulating a

physiologically-active compound for oral, tissue-absorptive, or parenteral administration.

Another object of the present invention is to provide a composition and a method of making the composition

5 wherein one or more physiologically-active compounds is dissolved or dispersed in a liquid carrier, such as a

glyceride, and the carrier and compound are encased in an aqueous coacervate-based film including an

aqueous colloid-rich phase or an aqueous colloid-poor phase or a combination of both phases from a

two-phase coacervate system, thereby preventing the compound from diffusing out of the composition

prematurely, and to prevent degradation of the compound by body fluids.

10 The above and other objects and advantages of the present invention will become apparent from the

following detailed description of the preferred embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides for a stable drug delivery composition useful for the oral administration or

15 tissue lining absorption of drugs and other medically useful compositions and for the stabilization,

solubilization and delivery of pharmacologically active substances as parenteral administrate drugs at the

pH of body tissue. The compositions of the present invention are derived from a non-toxic two- phase aqueous

coacervate system forming a matrix containing at least one polymerized surface active compound, one phase

of which is colloid-rich, semlpolar to nonpolar in character and capable of solubilizing oil-soluble and

20 water-insoluble components; and the second phase of the coacervate composition is colloid-poor, semipolar

to polar in character and capable of solubilizing water-soluble and, to a lesser degree, water-insoluble

components. The polar phase of a coacervate composition is made of strong, dipolar from about 0.1 D to about

0.8D. The nonpolar phase is made up of molecules have little or no dipole character, generally in the range of 0

to 0.1D. See Remington's Pharmaceutical Sciences, Mack Publishing Company, 1973, pp. 241-242. To a limited

25 degree, however, the colloid-poor phase may be able to solubilize some apparently water-insoluble

compounds, the colloid-rich phase being insoluble and in equilibrium with said colloid-poor phase. In this

invention, a drug is incorporated in the coacervate phase based matrix and encapsulated comprises a

medically useful, surprisingly stable composition suitable for oral, parenteral, transdermal, transmucosal or

inhalation administration or combinations of such modes of administration.

30 As used in this invention the term, "transmucosal" means that a formulation of this invention is applied

directly to any of the accessible mucosa! membraneous tissues of the body. The term, "transdermal" is used to

mean a formulation applied directly to the surface of the skin. "Tissue absorptive" includes both transdermal

and transmucosal. The terms, "oral", "parenteral" and "inhalation" are used as per conventional definitions. In

this invention, the oral route means that any oral dosage form can be accommodated, I.e., tablets, capsules,

35 liquids, particles, and the like.

The term "drug" is defined by the Federal Food, Drug and Cosmetic Act, and as used in the present

disclosure, is "articles recognized in the official United States Pharmacopoeaia, offical Homeopathic

Pharmacopoeaia, or official National Formulary or any supplement to any of them". Further clarification of this

definition is supported by Remington's Pharmaceutical Sciences , which states "drug" to mean "any article

40 contained in the above-cited references which is used in the process of diagnosis, cure, treatment, mitigation

or prevention of disease in man and animals". Remington's Pharmaceutal Sciences
,
(Easton, Pa.: Mack

Publishing Co., 1975), p. 1843. All drugs as encompassed by any of these definitions can be incorporated into

the coacervate compositions of the present invention for oral or parenteral administration to mammals.

It is known that the active components of many parenteral drugs such as antibiotics, anesthetics, anticancer

45 agents, hypertensive compounds, and the like, are insoluble or only slightly soluble at the pH of plasma or

tissue fluids and as such, the procedures commonly employed to deal with this problem include use of the salt

of the parent compound and/or use of propylene glycol and/or alcohol as a solubilizing agent(s) for the drug.

Physician's Desk Reference ,
(oradell, N.J.: Medical Economic Co., 1986).

U.S. Pharmacopoeaia, indicates that of the injectable drugs used in the direct medical treatment of diseased

50 states, approximately 200 are prepared from the salt of the parent compound and administered at a pH which

differs significantly from that of body tissue. It follows from accepted pharmaceutic principles that when a drug

based upon the salt of a parent compound is injected, the intracellular and extracellular water at the site of

injection will buffer the drug sufficiently to alter its pH and cause a quantity of it to precipitate out of solution

and into the injected site.

55 The following list illustrates the extensive use of the salt of the parent compound in Injectable drugs as well

as the frequency of an associated excessive pH. As is evident, virtually all classes of drugs are represented,

and, in accordance with the principles of the present invention, are suitable for formulation in all embodiments

of the coacervate compositions of the present invention for oral or parenteral administration or for tissue

absorption.

60

65
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Acetazolaraide, Sodim 9.Q-XQ.0

Alphaprodine HC1 4.0-0,0

Amicocaproic Acid 6.0-7.6

Arainosuppurate Sodium 6.7-7.6

Aminophylline ' "8 • 6-9 .

0

Aminotryptyline HCX 4.0-6.0

Araobarbitol Sodium 9,6-10.4

Anileridine 2.5-3.0

Amphotericin 5 7.2-8.0

Arapicillin 5.0-7.0

Anti coagulant Heparin Solution 5.0-7.0

Arginine RC1 5.Q«$.5

Atropine Sulfate 3.0-6.5

Atrial Peptides

Azathioprine Sodium 9.8-11.0

Benztropine Mesylate 5.0-8.0

Betaine HC1 0.80-1.2

Betaraathazone Sodium 8.0

Bethanecol Chloride 5.5-7.5

Biperiden Lactate 4.8~5.8

Bleomycin Sulfate 4.5-6.0

Brompheniramine Maleate 5.8-7.0

Bupivacaine-Epinephrine Injection 3.3-8.5

Bupivacaine HC1 4.0-6.5

Butabartitol Sodium 10.0-11.2

7
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Butorphanol Tartrate 3.0-5,5

Caffeine-Soidum Benzoate Injection 6.5-8.5

Calcium Glueptate Injection 5.6-7.0

Calcium Levulinate 6.0-8,0

Carboprost Tromethiamine Injection 7.0-8.0

Cefamandole Sodium 6.0-8.5

Cefamandole Nafate 6.0-8.0

Caphazolin Sodium 4.5-7,0

Cafataxiroe Sodium 4.5-65.

Ceftizoxime Sodium 4.5-6.5

Cephalothin Sodium 4.5-8.0

Caphaprin Sodium 6.5-8.0

Caphradine 8.0-9.6

Cafonocid Sodium

25 Chloramphenicol 5.0-8.0

Chlordiazepoxide HC1 2.5-3.5

Chloroprocaine HC1 2.7-4.0

30 Chlorothiazide Sodium 9.2-10.0

Chlorpromazine HC1 3.0-5.0

Cefoperazone Sodium • 4.5-6.5
35 Chlorphenr amine Maleate 4.0-5.2

Chloroquine HC1 5.5-6.5

Chlor tetracycline NCI 2.3-3.3
40 Clorprothixene 4.0-5.0

Colchicine Desmopressin 6.0-7.0

Clindamycin Phosphate 5.5-7.7

Cimetadine Hydrochloride 4.0-6,0

Codeine Phosphate 3.0-6.0

Corticotropin 2.5-6.0

Cyanocobalamin 4.5-7.0

Cyclizine Lactate 3.2-4.7

. Cyclophosphamide 3.9-6 .

7

Cyclosporine

Cysteine HC1 1.0-2.5

Chlorprothixene HC1 3.4

Dantrolene Sodium 9.5

Dacarbazine 3.0-4 .

0

65

45

50

55

60

8



§274431

Cac tinomycin 5 . 5-7 .

5

Daunorubicin HG1 4.5-€.5

Deslanos ide 5 . 5-7 .

0

Desmopressin Acetate 3 ,0-5.0

Dexamethasone Sodium Phosphate 7.0-J3.5

Diatrizoate Meglumine 6.0-7.7

Diatrizoate Sodium 4.5-7.5

Diazepam 6.2-6.9

Diazoxide 11.2-11.9

Dibucains HC1 4.5-7.0

Dicyclomine H£l 5.9-5.5

DitheylstjLlbesterol pispho§phate -----

Digoxin -----

Dihydroergotamine Mesylate 3.2-^4,0

Diphenhydramine HG1 4.0-5.5

D imenhydr ina te 6 . 4-7 ,

2

Dobutamine SGI 2.5r-5.5

Dopamine HC1 2.5^5.5
Dopamine HC1 -Dextrose 3.0-5.0

Doxapram HC1 3.5r-5.fl

Doxorubicin HC1 3.8-6.5

Droperidol 3.0^3,8

Dhphylline 5.0^-8.0

Edetate Disodium 6.5-7,5

Emetine HC1 3.0.-4.0

Ephedrine Sulfate 4.5^7.0

Epinephrine 2,5-5.0

Ergonovine Maleate 2.7-3.5

Ergotamine Tartrate 3.0--4.O

Erythromycin .— -

—

-

Erythromycin Ethylsuccinate 6 ,0-6.

5

Seythromycin Gluceptate 6.0--8.0

Erythromycin Lactibionate 6.5^-7.5

Estradiol Valerate . .

Ethacrynate Sodium 6.3-7.7

Ethylnorepinephrioe HC1 2.5-5.0

Etidocaine HC1 11.0
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Fentanyl Citrate 4.0-7.5

Floxuridine 4 . 0-5 .5

Fluorescein Sodium 8.0-9.0

Fluoracil 8.6-9.0

Fluphenazine Enanthate —-

—

Fluphenazine HC1 4.8-5.2

Folic Acid 8.0-11.0

Furosemide 8 . 5-9 .

3

Fallamine Triethiodide 5.3-7.0

Gentamycin Sulfate 3.0-5.5

Glucagon 2.5-3.0

20 Glycopyrrolate 2.0-3.0

Haloper idol 3 . o-3 . 8

Hepar in-Calc ium 5 . 0-7 .

5

25 Heparin-Sodium 5.0-7.5

Hetacillin-Potassium 7.0-9*0

Hexafluorenium Bromide 4.0-7.0

30 Histamine Phosphate 3.0-6.0

Hyaluranidase g , 4-7 .

4

Digitoxin
35 Fructose 3.0-6.0

Hydralazine HCl 3.4-4.4

Hydrocortisone Sodium Phosphate 7.5-8.5

Hydrocortisone Sodium Succinate 7.0-8.0

Hydromorphone HCl - 4.0-5.0

Hydoxocobalamin 3.5-5.0

Hydroxyzine HCl 3.5-6.0

Hyoscyamine Sulfate 3.0-4.5

Imipramine HCl 4.0-5.0

Iophendylate 6 . 5-7 .

7

lothalamate Sodium 6.5-7.7

Iron Dextran 5.2-6.5

Isobucaine HCl-Epinephr ine

Isoniazid 6.0-7.0

Isoproterenol HCl 3.5-4.5

Isoxsuprine HCl 4.9-6.0

Kanamycin Sulfate 3.5-5.0

65
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Ketamine HCl 3.5-4.5
Leucovorih Calcium 6.5-8*5
Levallorphan Tartrate '4.0-4.5

Lidocaine BC1 5.6-7.0
Lidocaine HCl Dextrose 3.5-7.0
Lidocaine HCl-EpiftephrinS 3.3-5.5
Lidocaine HCl-Epinephrine Bitartrate 3.3-S.5
Liricomycih HCl 3.6^6.6
Magnesium Sulfate 5.S-7.0
Magnesium Chloride 1.5-S.5
Methldretharaine HCl 3.&-5.0
Menotropins 6.0-7.0
Meperidine HCl 3,5-6,0
Mephentermine Sulfate 4.0-6.5
Mepivacaine HCl 4.5-6.8
Mepivacaine HCl-Levonordefrin 3.3-5.5
Mepr?lcaihe HCl-Epinephrine 3.5^5.5
Mesoridazihe Mesylate 4.0-5.0
Metaraminol Bitartrate 3.2-4.5
Methadone HCl 3.0-6.5
Methicillin Sodium 5.0-7.5 &
Methiodal Sodium 5.0-8.0
Methocarbamol 3.5-6 0

Methohexital Sodium 10i6-11.6 40

Methotrexate Sodium 8.0-9.0
Methotrimeprazine 3.0-5.0
Methoxamine HCl 3.0-5.0 45

Methscopolamine Bromide 4.5-6.0
Methyldopate HCl 3.0-4.2
Methylergonovine Maleate 2.7-3.5 *
Methylpredisblone Sodium Succinate 7.0-8.0
Metrohidazone 4.5-7.0
Miconazole

3 .7^5.7
55

Minocycline HCl 2.0-3.5
Mitomycin (5.0-8.0

Morphine- Sulfate 2.5-6.0
Moxalactain Dispdium 4,5^7. q

m

BO
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Nafcillin Sodium 6.0-8.5

Naloxone HCl 3.0-4.5

5
Neostigmine Methylsulfate '5. -.6.

5

Netilmicin Sulfate 3.5-6.0

Niacin 4.0-6.0

10
LN x aw X 1 1 Cliniuc 5.0-7.0

Mnr pnineohr ine Bitarttate 3.0-4.5

Mvl lflriri HCl 4.5-6.5

15
rtrrih »n r ine Citrate 5.0-6.0

Ovari 1 1 i n Sod i um. 5.0-8.5

OYvmorohons HCl 2.7-4.5

20
Oxv te tracvcline 8.0-9.0

nwfptracvcline HCl 2.0-3.0

Hvt/for i n 2.5-4.5

25 Danawpr i nP TTC

1

r AMCIV CL X UC Uw-u 3.0 or less

ir dX auny LUiu 2.5-3.5

Peniri 11 in G Potassium 6.5-8.5

30 Penicillin G Procaine 5.0-7.5

ppnin'llin G Sodium 6.5-7.5

Pentazocine Lactate 4.0-5.0

35 Phpnnharhi fcal Sodium 9.0-10.5

4.2-5.6

Phonnharbi fcal Sodium. 9.0-10.5

40 fetpilcuaiiiic 4.2-5.6

Dhonnhflrhl fcol Sodium 9.2-10.2

phon hoi amine Mesvlate 4.5-6.5

45 Phpnvlenhrine HClr lien Y •tcv^wj* uw<*> 3.0-6.5

Phpnvfnin ^oiduin 10.0-12.3

t)Kwennci"i nmi np Salicylate 4.0-6.0
50 3.5-7.0

r X1C ciiny uill 5.0-7.5

55
fOSteclOi ricui ueiLjf 2.5-4.5

Potassium Acetate 5 S-R 0J • J o . u

Potassium Chloride 4.0-8.0

60
Prednisolone Sodium phosphate 7.0-8.0

Prednisolone Sodium Succinate 5.7-8.0

Prilocaine HCl 5.0-7.0

65
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Procainamide HC1 4.0^6.0

Procaine HC1 3,0-5.5

Procaine HCl-Epinephrine 3.Q-5,5

Procaine-Phsnylephrine -

Hydrochlorides 3.0-5,5

Procaine and Tetracaine HC1

and Levonodefrin 3.5-5.0

Prochlorperazine Edisylate 4.2-6.2

Promazine HC1 4.0-5.5

Promethazine HC1 4.0-5.5

Propiomazine HC1 4.7-5.3

Propoxycain^-Procaine HCl's-?

Norepinephrine Bitartrate 3.5-5,0

Propanolol HC1 2,8-4.0

Protein Hydrolysate 4.0-7.Q

Pyridostigmine Bromide 4.5-5.5

Pyridoxine HC1 2.0-3.8

Quinidine Gluconate ~

Reserpine 3.0-4.0

Riboflavin 4.5-7.0

Ritodrine HC1 4.8-5.5

Rolitetracycline 3 . o-4 .

5

Scopolamine HC1 3.5-6.5

Secobarbital Sodium 9.0-10.5

Sisomycin Sulfate 2.5-5.5

Spectinoraycin HC1 3.8-5.6

Streptomycin Sulfate 5.0-8.0

Succinylcholine Chloride 3.0-4.5

Sulfadizazine Sodium Q. 5-10.

5

Sulfixoxazole Diolamine 7 # g-8.5

Superoxide Dismutase

Terbutaline Sulfate 3.0-5.0

Testosterone Cypionate —
r .

Testosterone Enanthate - ------

Tetracaine HC1 3.2t-6.0

Tetracycline HC1 2.0-3.0

Tetracycline Phosphate Complex 2.0-3.0

i
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Thiamine HCl 2.5-4.5

Thimylal Sodium 10.7-11.5

eo
Thiethylperazine Maleate •3.0-4.0

Thiopental Sodium 10.2-11.2

Thiothixene HCl 2.5-3.5

10
Tobramycin Sulfate 6.0-8.0

Tolazoline HCl 3.0-4.0

Tolbutaminde Sodium 8.0-9.0

15
Triamcinolane Diacetate 6.0

Tridihexethyl Chloride 5.0-7.0

Trifluoperazine HCl 4.0-5.0

20 Triflupromzine HCl 3.5-52.

Trimethaphan Camsylate 4.9-5.6

Trimethobenzamide HCl 4.8-5.2

25 Trimethoprimsulfamethoxazole 10.0

Tromethamine 10.0-11.5

Tubocurarine Chloride 2.5-5.0

30 Vasopressin 2.5-4.5

Vincristine Sulfate 3.5-4.5

Vidarabine Concentrate 5.0-6.2
35 Vinclastine Sulfate 3.5-5.0

Warfarin Sodium 7.2-8.3

Verapamil 4.1-6.0
40

It is to be understood that the above list of drugs is for purposes of illustration and is not provided as an all

Inclusive list of all the drugs which may be beneficially formulated or reformulated using the oral or parenteral

45 drug, tissue absorptive, transmucosal, or inhalation delivery compositions of the present invention. Other

physiologically-active compounds that can be encapsulated in the coacervate compositions of the present

invention include biologically-active compounds, such as proteins, enzymes, anti-enzymes, peptides,

catecholamines, antihistamines, analgesics, and the like. For the purposes of the present invention

"biological" is defined to mean any medically useful composition derived from a biolo gical source and/or a

sq synthetic pharmacological equivalent thereof such as insulin, heme, hemoglobin, and hormones; "enzyme" or

"enzyme system" is defined to mean any protein or conjugated protein produced biologically or synthetically

and which functions as a biocatalyst; "peptide" refers to peptides and polypeptides derived from either

endogenous, exogenous, or synthetic sources and is used to mean polymers of amino acids linked together

by an amide type linkage known as a peptide bond. Anti-enzymes are chemical or biological entities specific to

55 a given enzyme which act to interfere with or terminate the biological activity of the enzyme. Other medically

useful compositions known to those skilled in the art, for example, globulin, one or more glycoproteins, such
as erythropoietin, also may be incorporated in the compositions of the present invention.

Drug compounds dissolved in any non-toxic, physiologically-acceptable solvent such as a glycol, for

example, propylene glycol, and/or alcohol also may be used in the practice of this invention. The procedure

60 and quantity of drug incorporated when using such compositions are any desired quantity, such as that

described.

The following are examples of standard doses which can be incorporated into the coacervate-based
matrix-enveloped compositions or products of this invention:

Cimetidine HCl 150 mg/ml

55 Diazepam 5 mg/ml

14
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5-Fluorouracil 500 mg/10ml
Erythromycin Lactobiohate 1 mg/ml
Flosuridine 500 mg/5ml
Amthoteracln D 0.1 mg/ml
Fluphenazine HCI 2.5 mg/ml $
Heparing Sodium 1,00-20,000 units/ml

Haloperidol lactate 5 mg/ml
Insulin 40 units

Ketamlne HCI 10 mg/ml
Labeltol HCI 5 mg/ml " *

10
Upocaine HCI 10 mg/ml
Miconozole 10 mg/ml
Morphine Sulfate 0.5-1.0 mg/ml
Dropendal 2.5 mg/ml

Imipramine HCI 25 mg/2ml ^
Phenytoln 100 mg/ml
Pentobartital Sodium 50 mg/ml
Tetracycline HCI 250 mg/100ml
Thiopental Sodium 0.2 mg/2ml
Verapamil HCI 2.5 mg/ml ^
Vincristine Sulfate 1.0 mg/ml
Fentanyl citrate 0.05 mg/ml
Methytprednisolone Sodium —
Succinate 40 mg/ml
Once the drug Is solubilized in (held within the matrix of) the colloid-rich phase of the composition of the ss

present invention and adjustments are made to the pH { if necessary, e.g., to 7,3-7.4 by the addition, for
example, of either hydrochloric acid or sodium bicarbonate, the preparation may be administered or stored In

the standard or desired dose in appropriate containers such as ampules, vials, and the like. Alternatively,
following solubilization of the drug in the coacervate phase, the previously separated coJIold-poor phase cari
be added and the resulting mixture emulsified using techniques known to produce rrtlcroemufeions. Following 30
adjustment of the pH to, for example, 7.3-7.4, by adding either HCI or sodium bicarbonate ad required, the
preparation is now ready for use or storage. In some Instances, as noted previously, the cofioid-poor phase
may be used to solubilize and prepare formulations of polar and semipolar drug compositions.
Other medically useful compositions encompassed by the definition of drugs herein are also delivered more

effectively orally, parenteral^ or by other means of administration that eventuate in tissue absorption of the 35
drug(s) by incorporation into the compositions of the present Invention since such Incorporation improves
such parameters as stability, solubility, delivery and the like. Other medically useful compounds capable of
being incorporated in the compositions of all embodiments of the present invention Include vitamins, for
example, vitamin B complex, vitamins A, D, E and K, vitamin Bi 2l folic acid, and the like. AddWonafly, enzymes
such as glucagon, lipase, a-amylase, superoxide dlsmutase, and the like, and nutrients such as fats, proteins, 40
amino acids and carbohydrates may be incorporated Into the drug delivery compositions of the present
invention. Nutritional formulations using the compositions of the present Invention may include both
water-soluble and water-insoluble compounds, for example, vitamins, polyunsaturated com oH, soy oil,

triglycerides, amino acids, soy protein isolate, soy lecithin, corn syrup, sucrose and other nutritional entities
known to be useful when normal food intake Is precluded or otherwise interfered with. Peptide and/or 45
polypeptide compositions, particularly dipeptides and tripeptides, also can be Included in the compositions of
the present invention. Additional active compounds Includeable Into the coacervate compositions of the
present invention, particularly for oral adrhirtisttation Include Azothioprine; CyciOsprihe; Monenslh; iow
molecular weight Heparin, Amrinone and other tohotropics; Superoxide Dlsmutase; Protagiandtos;
Interferons; Urokinase; hQH {humari growth hormone); Aminoglycoside antibiotics; Estrogen; (Sephalosfto- 9b
rins; Androgens; Anti-androgens; Renin Inhibitors; Lipoxygenase Inhibitors; Hypothaimic and JPituftary

Hormones; Cardiac Glyscosides; Artti- inflamatory steroids; Non-stefoid tftfternatory drug*; Vancomycin;
Tissue Plasminogen Activators; Enzymes such as adenosine deammase; and blood factors, euoh as Factor
VIII and Factor IX complex.

Compositions of one embodiment of the present Invention comprise one or more non-toxic monomerlc or 55
polymeric surface active agents which may be derived from endogenous, exogenous or synthetic sources. For
purposes of this invention, they may be selected from any of the classes of surfactants described by 2ographl
(Ref: Remington's Pharmaceutical Sciences, pp. 295-296, Mack Publishing Co. 1976). The polymers am
obtained from the following monomers: anionic, cationte, amphoteric, and non-Ionic surfactants. Surface
active agents in the anionic classification include cfl-(2-«tnylhex^} sodium sutfosuccihate; non-tentc 60
compositions Include polyethylene glycol (PEG) and poiymerized esters; and amphoteric surface active
agents include (1) compounds classified as simple, conjugated, derived, and secondary proteins such as the
albumins; gelatins; modified fluid gelatins; lipoproteins; alpha, beta and gamma gtobuflns and glycoproteins,
and (2) compounds referred to as phospholipids. The amine salts and the quaternary ammonfeim saJts wftftn
the cationic group also comprise useful surfactants. Other surfactant compounds useful to form coacervates #

15
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s

in accordance with the principles of the present Invention include compositions within the groups known as

the polysaccarides and their derivatives, such as chltosan; dextran; the mucopolysaccarides; and the

polysorbates and their derivatives. Synthetic polymers that may also be used include compositions such as

polyethylene glycol and polypropylene glycol. Other suitable surface active agents that can be used to prepare

5 coacervate compositions useful in accordance with the principles of the present invention Include pectin,

glycoprotein, glycolipid, galac tose, and modified fluid gelatin. Acceptable coacervate compositions can be

made from single surface active agents listed above or through the use of appropriate combinations thereof.

Compounds that are not intrinsically surface active may also be used to prepare coacervates provided they

can be made surface active by chemical or other means. Thus, fatty acids are not considered to be surface

10 active compounds; however, when they are reacted with an alkaline chemical entity, the resulting reaction

products will include one that has surface active properties. For instance, mixing stearic acid with sodium
hydroxide will produce a salt of stearic acid that has surfactant characteristics.

Virtually all surfactants useful to this invention can by polymerized (e.g., modified fluid gelatin) and used in

the method and compositions of the present invention.

15 As noted above, known synthetic polymers, e.g., polyethylene glycol dextran, a polysaccaride, and the like,

may be used in this invention.

To achieve the full advantage of the present invention, the coacervate matrix includes at least one
polymerized surfactant The polymerized surfactant or a combination of polymerized and monomeric
surfactants have produced delivery systems that are exceptional in their ability to entrap hemoglobin and other

20 pharmaceutical components.

Surfactants useful to this invention can be polymerized by using, as an example, any of the customary

aldehydes (e.g., gluteraldehyde) and following known procedures associated with the use of the aldehydes to
* produce the polymer form.

To achieve the full advantage of the present invention, the combination of the surface active compounds
25 include polymerized albumin and polymerized lecithin; polymerized albumin and monomeric lecithin;

monomeric albumin and polymerized lecithin; casein and polymerized lecithin; gelatin and polymerized

lecithin; pectin and polymerized albumin. It should be noted, however, that coacervate compositions useful in

accordance with the principles of the present invention can be made from selected single surface active

agents such as polymerized albumin or polymerized lecithin.

30 To achieve the full advantage of the present invention, one of the surface active agents should be a

phospholipid, such as lecithin or polymerized lecithin, in the composition of the present invention. It may be

derived from any suitable source. Egg lecithin is preferred. Other phospholipids such as cephalin, isolecithin,

sphingomyelin, phosphatidyl serine, phosphatidic acid, phosphatidyl inositol and phosphatidyl choline, and

combinations thereof, may be used in place of or In addition to lecithin, particularly where the other surfactant

35 is polymerized albumin.

Further, to achieve the full advantage of the present invention, a suitable surface-active protein, such as

albumin or polymerized albumin, comprises another component of the compositions of the present invention.

Albumin derived from any acceptable source,'such as human, is acceptable. Other suitable surface active

proteins include alpha-, beta- and gamma-globulins, gelatin, modified fluid gelatin, lipoproteins, polypeptides

40 and mucopolysaccarides. While albumin is preferred, any suitable, non-toxic protein, i.e., simple, conjugated

or derived proteins or mixtures thereof, including the globulins may be used in place of albumin. When globulin

is used in the process described in this specification, the finished product not only comprises a coacervate but

a composition in which the medical usefulness and the activity of the gamma globulin is prolonged.

The use of an aqueous based coacervate composition as the starting composition for the microemulsions of

45 the finished products of the present invention distinguishes the compositions of the disclosed invention from

known microemulsions that are comprised of a lipid (liquid or solid) or oil phase and a water phase. It should be

noted that stabilization of known microemulsions by encasing the microemulsions in a coacervate phase

matrix and/or film, in accordance with the principles of the present invention, is an important feature of the

present invention.

50 According to another embodiment of the method and composition of the present invention any non-toxic

molecule capable of carrying, and releasing oxygen to the bloodstream of a patient, and/or an oxygen solvent,

preferably a molecule that contains iron, can be used as the physiologically-active component of the

composition. Further, it has been found that, a heme, and/or a hemoprotein and/or a heme-hemoprotein
complex can be used as the physiologically-active component. Since the heme, hemoprotein and

55 heme-hemoproteln complexes contain iron, these preferred compounds possess an important advantage

because sources for the physiologically-active component include endogenous, exogenous and synthetic

compositions.

As used above and hereinafter, heme is defined to comprise the prosthetic group of hemoglobin. However,

according to the composition and method of the present invention, prosthetic groups of other compositions,

60 such as myoglobins, catalases, cytochromes b and some peroxidases can also can be used to form the

heme-hemoprotein complexes. The preferred heme molecule for use in the present invention is a complex of

iron and protoporphyrin 9, type III. Similarly, hemoproteins that can be used above or in the heme-hemoprotein
complex include hemoglobin, ovo globulin, ovocanalbumin, Cytochrome c, Cytochrome P450. polymerized

hemoglobin, pyridoxilated-polymerized hemoglobin, ovomucin and lactalbumin. To achieve the full advantage

55 of the present invention, when using a hemoprotein or the heme-hemoprotein complex combination,
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hemoglobin of human, ibovine, synthetic or .genetic engineering sources, In stroma-freefornvis utilized, as the
hemoprotein.

In accordance with an Important embodiment of Jfche present invention, ati of the components of ffhe present
Invention, and especially the -heme, the foejriGp-etetn and/or the heme^iamopro^ «comptex stootad fee £>e
pure and stable. Therefore, either prior lo or after Incorporating the ham., fcemsproteta and/ar §
heme-hemoprotein complex into the composrtion of the present invention, a soKfitfar? of the heirae,

hemoprotein and/or the herne-hemoprotiain complex is treated with a chemical agent thai terms stable Inpn
complexes with the heme, hemoprotein or heme-hemoprotein complex, such as a carfeon jfnonoKkJe or arc

inorganic cyanide, particularly .cyanide saits or cyanide complexes, such as sodium cyanide hydrogen cyanfide.

The chepwcal agent can be removed readSy from the heme, hemoprotein and/or toerw^temoprotein complex W
when an excess of oxygen is introduced into the soiuticn. For example, carbon -monoxide bUabted fhrewgh
the heme, hemoprotein and/heaie-protein solution urrtH all oxygen te removed from the sotutlon. 4n e
subsequent processing step, the compiexed osrb.on monoxide is removed by Introducing an excess 05
oxygen to the heme, hemoprotein and/or heme-hemoprotein complex, in accordance with * new and
unexpected feature of the present Invention, the intimate contact of the solution with carbon monoxide «r
stabilizes the heme, hemoprotein and/or heme-hemoprotein complex during the manufacturing process,
thereby preventing oxidation of the heme, hemoprotein and/or heme^mopratein ccwipJex.

Further, the composition prepared according to ifte method of the present friyeirtion grawLdes !ron that is

absorbed into the body of humans and other mammsJs from the heme, hsmeproteto and/or the
heme-hemoprotein molecules as intact heme nwteoijles. This absorption duplicates ihe natural source and 20
natural mode of iron absorption end, therefore, provides a significant Improvement over toon com^amds now
in cornmerciai use. For example, usually the iron that is present in such commercial campoGlSofls first mustbe
converted to ferrous iron in the stomach and duodenum before any absorption occurs.

In accordance with an important feature of the present invention, the heme, fceinoprotein end/or
heme-hemoprotein complex present in the composition after oral administration ia protected from 25
degradation in the digestive tract by the coacsrvate phase of the coacervate system. A ftm of
coacervate-phase water surrounds and completely coats each heme, hemoprotein and/or heme-hemoprotein
complex to protect the heme, hemoprotein and/or heme-hemoprotein complex from gastrointestinal

degradation. The coacervate-phase water differs in physicai structure from the buik water which is present in

the stomach, thereby stowing the diffusion of digestive enzymes in the bulk water. Accordingly, the cBgestfve 30
enzymes are unable to penetrate the film of coacervate-phase water that covers each heme, hemoprotein
and/or heme-hemoprotein complex molecule, thereby reducing the rate of interaction of the enzymes with the
heme, hemoprotein and/or heme-hemoprotein complex. This slow rate of interaction allows physioiogJeeHy
useful quantities of heme, hemoprotein and/or heme-hemoprotein complex to avoid degradation and,
therefore, to pass through the waiis of the small intestine and into the circulatory system of the recipient. The 55
protective feature afforded by the coacervate phase also operates to protect the oxygen-carrying
physiologically-active component(s) against degradation effects of pH, arid-base balance and other
conditions and processes of the gastrointestinal tract.

In accordance with another important embodiment of the present invention, liposomes and their contents
are enveloped with a coacervate-based film - the fflm being derived from any of the two-phase liquid aqueous 40
non-toxic coacervate compositions described herein. Liposomes of any acceptable composition and of any
lamellar structure, i.e., unilamellar, multilamellar, or piurflameHar, or any combination may be used in

accordance with the principles of this embodiment of the present invention. Further* the fipoeome may contain
any of the following physioiogicaJly-acttve components: any oxygen carrying molecule or oxygen solvents),
any drugs, hormones, biologicals, steroids, peptides, tissue plasminogen activators, enzymes, anti-enzymes 45
and/or any other compositions or combinations thereof which are of biological or medical interest. Suitable
oxygen solvents include perfluorocarbons; the coacervate phase of a lecithin-water coacervate solution; the
coacervate phase of a lectthin-aJbumin-wfttsr solution, and the like. The source of the physidogtaaEy-actlve
compound(s) can be either endogenous, exogenous or synthetic or any acceptable, non-toxic combination
thereof. #7
The liposome embodiment of the present invention comprises a liposome component the pharmaceutic

and/or pharmacologic entity(s), or combinations thereof, contained within the Rposomes, and a
coacervate-based matrix and/or film encapsulating the liposome component and Its contents. In this
embodiment of the present Invention, liposomes containing the physiologicaliy-actiVB molecule are mixed into

a surfactant solution such as a solution of polymerized albumin. To achieve the full advantage of this 55
embodiment of the present invention, the surfactant (polymerized albumin) solution aJso contains polymerized
lecithin and is converted to a coacervate phase to form a coacervate matrix and/or fflm enveloping the
liposome composition.

Further emuisification of this mixture produces a composition enveloping the liposome In a coaoerveie-
based matrix and/or film. The emulsified composition including the liposome enveloped by a coacervate- so
based matrix end/or film then is microemulsified to produce a microemulsion having particles of 1 micron or
less in size. As an option, microemuision(s) can be processed further to produce sustained release
compositions; the methods include application of heat; use of a cross-linking agent, or repeating specific

process steps.

As a further option, the composition may be dried, such as by treatment with heat, or freeze dried to es
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produce a lyophilized product, which can be produced to any desired particle size and reconstituted with any

physiologically appropriate fluid. When reconstituted, such compositions include a resuscitation fluid and a

delivery system to introduce compositions of biological or medical Interest into the body.

The specific compositions of this invention can be administered either parenteraliy, transdermal^, orally,

5 absorbed through the tissue lining of other body sites, or via inhalation, or combinations thereof, as

appropriate.

When the reconstituted composition is intended for intravenous use, isotonicity and pH should be adjusted

by known procedures to normal body values before administration. A single layer of coacervate matrix and/or

film encapsulates the composition. If desired, in accordance with a preferred method, the finished product can

10 be subjected to film encapsulation procedures repeatedly to produce concentric films of any desired

thickness. Each film can contain no additional physiologically-active component or each can contain a desired

concentration of any physiologically-active component, same or different

While it is preferred that the microparticles of the finished products of this invention be 1 micron or less,

particularly when administered parenteraliy, there are conditions, such as for oral administration, when

15 microparticles of this invention are 2 microns or more In size.

In accordance with one embodiment of the present invention, any appropriate non-toxic coacervate

composition containing one or more polymerized surface active agents, particularly polymerized albumin

and/or polymerized lecithin can be used in the manufacture of the drug delivery compositions of the present

invention. The coacervate-enveloped compositions of the present invention incorporate non-toxic

20 endogenous or exogenous surface-active agents, derivatives thereof and/or combinations of surface-active

agents or derivatives.

In the preferred formulation, polymerized albumin comprises one component. The lecithin that is used in this

method may be monomelic or polymerized. One method by which lecithin can be polymerized is as follows:

Remove one or both of the fatty acids of lecithin by hydrolysis. This step results in a free hydroxy! group on

25 each lecithin molecule. This in turn produces a lecithin composition that lends itself to polymerization by

customary techniques.

To achieve the full advantage of the present invention, when polymerized albumin is used, the polymerized

albumin should contain from two to six albumin molecules. Longer molecule chains may be used but are not

preferred. To achieve the full advantage of the present invention, the weight average molecular weight of the

30 polymerized albumin, when used in this invention should range from about 200,000 to about 300,000,

preferably from about 200,000 to about 280,000. Compositions of greater or lesser molecular weight may also

be used. The albumin component can be derived from any acceptable, endogenous, exogenous, or synthetic

source including genetically engineered sources. The lecithin may be derived from any suitable non-toxic

source. In the practice of this invention, any acceptable phospholipid can be substituted for lecithin, in such

35 case the phospholipid may be monomeric or polymerized. To achieve the full advantage of the present

invention, when polymerized lecithin used in the method and compositions of the present invention, the

polymerized lecithin shouid contain three to four linked lecithin molecules and has a weight average molecular

weight of about 1 600 to about 3200, preferably about 2500. Shorter or longer chain phospholipids also may be

used.

40 in preparing the red blood cell substitutes (resuscitation fluids), it is preferred that a reducing agent be

added to the product in the process of manufacture.

Depending upon the finished product to be produced, the pharmaceutically-active component may be an

oxygen carrying molecule, an oxygen solvent molecule, hormone (s), water soluble drugs) water insoluble

drug(s), biological(s), a water sensitive drug(s), a peptide(s), an enzyme(s), and the like, either singly or in

45 combination. The active component is incorporated in the composition during the manufacturing steps in that

. quantity that will provide the desired clinical amount. Thus, for example, in the case of drugs, this will be the

dose given in the Physician's Desk Reference plus five to fifteen percent. If desired, greater or lesser amounts

of any given drug may be used to meet specific medical requirements. In the case of the inclusion of hemoglo

bin, the preferred quantity is that amount that will produce fourteen percent hemoglobin in the finished

50 product. Greater or lesser quantities of hemoglobin may also be used depending upon the end use of the

finished product. If desired, a sterol, such as cholesterol, and/or urea preferably about 0.1% to 3<Vo may be

included in the composition to formulate red blood cell substitutes.

Any composition of this invention to be administered orally can be formulated to any dosage, e.g., capsules,

tablets, syrups, emulsions, suspensions, microemulsions, and the like.

55 When preparing the intravenous red blood cell substitute of this invention, the basic method is followed.

Additional steps are used, however, to adjust the pH, viscosity, and isotonicity of the preparation, when

necessary, to approximate the values of whole human blood. In the method of this invention that prepares

parenteral products, the pH is adjusted to approximately 7.4. The oral drug compositions of this invention

require no adjustment of pH, viscosity or isotonicity. pH adjustment, however, is preferred. Manufacture of all

60 preparations of this invention are preferably made under sterile conditions.

in accordance with another embodiment of the present invention, a composition comprising a non-toxic

perhalogenated compound and a non-toxic two-phase coacervate aqueous system is utilized to prepare

medically-useful products for oral or parenteral introduction into the body. The coacervate-based composition

can be used to solubilize and stabilize physiologically-active compounds, in order to facilitate delivery of

65 medically-useful products, such as a resuscitation fluid, an oxygen-carrying contrast medium, or a
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pharmaceutical, into medical patients.

The perhalogenated compounds that are useful In the present invention include organic compounds such
as hydrocarbons, ethers and/or amines, having essantiaJly all of the hydrogen atoms of the organic compound
replaced by a halogen atom, such as fluorine, iodine, chlorine or bromine. Of particular Interest are the
perfluorinated and perfiuoroiodinated compounds, especially the perffuorohyoycfcarborie and perftuo- s
roamines, or hydrocarbons and amines having essentially ail of the hydrogen atoms replaced by fluorine

atoms.

To prepare the red blood cell substitute, the following method is used: to 100 mis of a 30<Vb solution of

monomelic lecithin, add 10 gms of stroma-free hemoglobin .and, if desired, also add cholesterol. If

cholesterol is used first It should be dissolved into the surfactant, e.g., lecithin, such as with the aid of a 10
solvent, e.g., n-butyi alcohol. The quantity of the hemoglobin component can vary from 1% w/v to 20% w/v. If

desired, modified hemoglobin may be substituted in the same quantities for stroma-free hemoglobin. In

addition, hemoglobin encapsulated within liposomes may be substituted for the preferred stroma-free
hemoglobin. It is preferred that a reducing agent and/or an antioxidant such as reduced nicatfnamlde adenine
dinucieotide phosphate (NADPH), or reduced nicatinamlde adenine dlnucleotfde phosphate (NADH), or 15
glutathione, or dextrose, or ascorbic acid or other known non-toxic antioxidants be added as the next step.

Appropriate combinations of reducing agents also may be used, If desired. If added, such compounds are

added in such quantity as will prevent the oxidation of the hemoglobin component; generaity trace amounts up
to about 3 molar percent based upon the molar amount of hemoglobin. To achieve the full advantage of the

present invention, the reducing agent should be included in an amount of from trace amounts to Q mllllmoies 20
per mole of hemoglobin. Acceptable compositions may be prepared without the use of reducing agents.

Following this step add 20 gms of either monomerfc or polymerized albumin. The polymerized form is

preferred. The resulting composition then is processed by means of a colloid mill and/or a microfluidlzer for

about 10 minutes. During this processing step add a polymerization Initiator, e.g. f a solution of

1-ethyl^-dimethyi-amirtopropyI-carbodlimlde of about 10% added during colloid milling and/or microfluldklna 25
for In-situ polymerization of the albumin during processing of the composition. The quantity of porymertzatton
initiator may range from about 0.1<Vo to about 20% based on the total weight of the composition. Following this

processing step the product Is stored from about 4 to about 12 hours at a temperature that may range from
about 4° C to about 10° C, The internal phase (particles) are separated from the aqueous system by known
filtering or separation means and washed with sterile saline solution. The particles then are dispersed In 30
physiological saline solution.

The pH of the preparation is adjusted, If necessary, to approximate that of whole human blood. Addition of

HCI or NaOH may be used for this purpose, isotontolty of the product Is adjusted, if necessary, to approximate-

that of whole human blood. This may be accomplished by the addition of appropriate amounts of any of the

following: electrolytes present in human plasma, normal physiological saline solution, Ringer's solution, or any 35
other suitable composition.

Next, adjust the viscosity of the product so that it approximates the viscosity of whole human biood, for

example, by the addition of water to decrease the viscosity, or by adding any non-toxic, physiologically-accept-

able hydrophiliic colloid, such as albumin or pectin, to increase the viscosity. On completion of this step the
product comprises a microemulsion that consists of microencapsulated particles containing the hemoglobin 40
component. It should be emphasized that this method encapsulates hemoglobin more efficiently than that of

the inventor's previously disclosed encapsulating techniques.

At this stage of manufacture the product may be used as a red blood cell substitute (resuscitation fluid)

provided that it is first filtered to remove ail extraneous matter and ail particles that exceed 1 micron In size in

any dimension. 45
it is preferred, however, that the filtered product be processed further using either a chemical process

based on a crosslinking agent, such as gluteraldehyde, or a physical processing step such as heat. The
heating step is preferred and consists of heating the preparation for about 2 minutes at a temperature that may
range from about 50° C to about 70° C, The duration of the heating step may be more than 2 minutes or less

than 2 minutes depending upon the desired degee of particle(s) surface film structuring. While temperatures 50
less than 50 degrees Centigrade are feasible for this purpose, they are not preferred. A combination of

crosslinking and heating for film hardening also can be used.

Depending upon the time and temperature used in the the heating step, the encapsulating surface mm
produced by this step will range from geMike to rigid in character. Following this step the resulting

composition is filtered to remove all extraneous matter and any microencapsulated particles that exceed 1 55
micron In size In any dimension. The finished product of this invention can consist of particles with a single

degree of surface film hardness or, alternatively, can consist of particles of mixed surface film hardnesses. The
desired quantity of said particles can be added to any appropriate physiological fluid. As such it will then
comprise a product suitable for intravenous administration as a red biood cell substitute (resuscitation fluid). If

desired, the microencapsulated particles may be used in much the same manner as packed red blood oeHs. If 60
desired, the product may be lyophiiized or otherwise dried using conventional techniques. The dried

composition may be reconstituted as needed using an appropriate physiological fluid either as a biood
substitute or as a perfusion fluid.

This invention provides for several alternative methods of preparing an intravenous red blood cell substitute.

One alternative consists of the following steps: prepare polymerized albumin by adding 1 elhyWKflmetrtyt-ami- es
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nopropyl-carbodiimide (EDC) to a 10% solution of monomelic albumin in an amount sufficient to produce a

concentration of 5.0% w/v EDC in the product. Process In a colloid mill and/or a microfluidizer for about 10

minutes. Next, store the product at about 4° C for about 10 hours. Next, mix a 10% w/v solution of

pyridoxilated polymerized hemoglobin In an amount sufficient to achieve a hemoglobin concentration of about

5 100/o by weight of the surfactant-water composition and, if desired, add about 2 mlllimoies of NADPH into the

product and process in a colloid mill and/or a microfluidizer for about 10 minutes; following this step, mix a

solution of polymerized lecithin into the solution In an amount sufficient to provide a polymerized lecithin

concentration of about 8% by weight of the solution and process again in a colloid mil! and/or a microfluidizer

for about 10 minutes. Next, adjust the pH of the product to that of whole blood using HCI or NaOH jas,

10 necessary. Following this step, adjust the isotonicity using plasma electrolytes in such concentration as will

give the product the Isotonicity of whole human blood. Adjust the viscosity as the next step so that the

viscosity approximates that of whole blood. At this stage of manufacture the product may be used as a red

blood cell substitute (resuscitation fluid) provided that it is first filtered to remove alt extraneous matter and all

particles that exceed 1 micron in size in any dimension. It Is preferred, however, that the filtered product be

15 processed further using either a chemical process based on a non-toxic crosslinking agent, such as

gluteraldehyde, or a physical processing step, such as heat. The heating step is preferred and consists of

heating the preparation for about 2 minutes at a temperature that may range from about 50° C to about 70° C
producing afiim that can range from gel-like to rigid in character. Following this step, the resulting composition

is filtered to remove all extraneous matter and any microencapsulated particles that exceed 1 micron In size in

20 any dimension. The finished product of.this invention can consist of particles with a minimal degree of surface

film hardness or, alternatively, It can consist of particles of mixed surface film hardnesses. The desired quantity

of said particles can be added to any appropriate physiological fluid. As such It will then comprise a product

suitable for intravenous administration as a red blood cell substitute (resuscitation fluid). If desired, the

microencapsulated particles may be used in much the same manner as packed red blood cells. If desired, the

25 product may be lyophilized or otherwise dried and reconstituted with any appropriate physiological fluid.

In accordance with another important embodiment of the present invention, the coacervate-based,

hemoglobin-containing compositions of the present Invention can be used as a perfusion fluid for preventing

degeneration of an organ or tissue used for transplantation or replacement of the organ or tissue for a

mammal. When used as a perfusion fluid, the hemogio bin-containing active compound, e.g.. hemoglobin,

30 stroma-free hemoglobin, pyridoxilated polymerized hemoglobin and/or modified hemoglobin, should be

present in the coacervate composition in an amount of 0.5% to 30% by weight of the coacervate composition,

preferably 1<>/o to 20% by weight of the coacervate composition. The coacervate-based perfusion fluids of the

present invention are useful with or without a hemoglobin component and can be used in ambient air or may be

oxygenated for additional oxygen transfer to the tissue or organs. The coacervate-based perfusion fluid is

35 capable of maintaining tissue and organs viable for up to at least 15 days and sometimes up to 30 days

whereas prior art perfusion fluids generally are capable of sustaining tissue viability for only about 8 to 10

hours.

Another alternative coacervate-based intravenous red blood cell substitute using the methods of this

invention comprise the following steps:

40 Mix 10Q/0 w/v of stroma-free hemoglobin into a solution of polymerized lecithin of about 20% concentration.

Process the product in a colloid mill and/or a microfluidizer for about 2 minutes. Mix ascorbic acid of at least

0.1 gm per 100 ml of solution and an amount equal to 10% w/v (100 units/cc. in the finished product) of

polymerized albumin into the product and process the resulting product in a colloid mill and/or a microfluidizer

for about 5 minutes. Next, store the product for about 10 hours at 4° C. Adjust the pH of the preparation after

45 the period of storage to about 7.4 using HCI or NaOH as necessary. Following this step, add electrolytes

present in human plasma in such amount as will give the product the isotonicity of whole human blood. Next,

adjust the viscosity of the product so that it approximates the viscosity of whole human blood. On completion

of this step, the product comprises a microemuision that consists of microencapsulated particles containing

the hemoglobin component. At this stage of manufacture the product may be used as a red blood cell

50 substitute (resuscitation fluid) provided that it is first filtered to remove ail extraneous matter and all particles

that exceed 1 micron in size in any dimension. It is preferred, however, that the filtered product be heated for

about 2 minutes at about 70° C. The product then is filtered to remove all extraneous matter and all

microencapsulated particles which exceed 1 micron in any single dimension. After this step, the product may
be used as an intravenous blood substitute or stored preferably at 4° C until needed.

55 In accordance with another important embodiment of the present Invention, the coacervate-based,

hemoglobin-containing compositions of the present invention can be used as a perfusion fluid for preventing

degeneration of an organ or tissue used for transplantation or replacement of the organ or tissue for a

mammal. When used as a perfusion fluid, the hemoglobin-containing active compound, e.g., hemoglobin,

stroma-free hemoglobin, pyridoxilated polymerized hemoglobin and/or modified hemoglobin, should be

60 present in the coacervate composition in an amount of 0.5% to 30% by weight of the coacervate composition,

preferably 1% to 20% by weight of the coacervate composition. The coacervate-based perfusion fluid is

capable of maintaining tissue and organs viable for up to at least 15 days and sometimes up to 30 days

whereas prior art perfusion fluids generally are capable of sustaining tissue viability for only about 8 to 10

hours.

65 While the processes described above use hemoglobin as the active component and yield intravenous red
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blood cell substitutes. this invention, as noted previously, enables the use of any medically useful composition
as the active component to prepare compositions that can be administered via pararrtereJL oral, transdermal,
transmucosal and inhalation routes.

Also, whHe the size of the particles of the injectable or parenterai red Wood cell substitute should tee 1

micron or iess in size in any diameter, there are otfier embodiments of this invention to which the particle &e €
comprising the composition can be more than 1 micron and further, in specific instances of this inversion
desirable compositions will be comprised of a combination(s) of particles with differing stas; I*., a given
percentage of the particles will be 1 micron or less in size and the remainbg percentage of particles wffl be 2

f
. microns or, more. Percentages and. particle sizes wIH vary depending upon the specific formulation and the
specific drug or combination of drugs used in the formulation. 10

In the preferred embodiment of an orally administered composition of this invention, the foBowfog prpces§ is

used.

More specifically, warm a mixture of 7.5 gms of monoglyceride and 7.5 gms of diglycerfde at from §5-70° C
until a clear solution of the mixture is produced.

Unequal proportions of these glycerides may be used, but are not preferred. Equal or unequeJ proportions is
of mono-, di- and triglycerides also may be used. However, this mixture is also not preferred. When the
warming step is completed the pharmaceutical component te mixed into the solution. The product of this step
is subjected to a spray drying step while the product is gradually cooled. The product resulting from this step
will be a powder comprising particles containing the pharmaceutical component.
The next step is designed to coat the particles with a coecervate film. The procedure s as follows. Make a so

suspension of the powder referred to above in 10) mis of water containing 10 gms of polymarked albumin arwi
10 gms of monomelic lecithin. Stir the composition for about two minutes. Add an appropriate alcohol
dropwise, n-butyl alcohol is preferred, until a coacervate forms and coats the particles with a coacervate film,

stirring during the addition of alcohol and afterward to Insure that coacervate encapsulation of the particles
continues for from 1/2 to 3 hours. The product then Is stored for from 12 to 24 hours at about 4° C. The &
composition can be further microfiuldized after encapsulation to further reduce ttie particle size, regardless of
the number of films applied over the particles.

Following the storage step, the particles are separated from Its liquid vehicle by filtration or other known
appropriate methods and dried using any of the conventional drying techniques. This method yields a finished
oral medically useful product comprised of a coacervate encapsulated pharmaceuticaily-actfve component. 30

If desired, the product referred to above can be processed further to produce a sustained release
composition. This may be accomplished by any of several methods including application of heat, use of a
cross-linking agent, such as gluteraldehyde, or covering the encapsulated product with one or more additional
layers of coacervate film. The additional layer(s) of coacervate fHm is preferred. The additional layers can
contain the same or different physiologically-active compound In a concentration of about 0.5% to about 50°/o 36-

based on the weight of the film, or may contain no additional physiologicaJly-active component.
The procedure is as follows. Make a suspension of the powder referred to above In 100 mis of water

containing 10 gms of polymerized albumin and 10 gms of monomelic lecfthin. Stir the composition for about 2
minutes. Add n-butyl alcohol dropwise until a coacervate forms and coats the particles with a coacervate film,
stirring during the addition of alcohol and afterward to insure that coacervate-encapsulation of the particles 40
continues for from 1/2 to 3 hours. The product is then stored for from 12 to 24 hours at about 4° a

Following the storage step, the particles are separated from their liquid vehicle by filtration, sieve or other
known appropriate methods and washed and dried following any of the conventional drying techniques.
Repeating this procedure will add an additional coacervate layer (film) containing no additional
physiologically-active compound to the composition. The additional layers (films) can Include one or more 45
pharmaceuticaliy-active component together with the coacervate-based encapsulating film If added to the
coacervate composition, or may contain no additional physiologically-active component, as desired. This
process may be repeated as often as require^ to produce one or more additional layers (films) with
corresponding sustained release effects and/or containing any combination of active components. The
particular active ingredient(s) and quantities of the active ingredient(s) within each layer can be varied to meet SO
dosage requirements.

If desired, the structure of the surface of any of the layers referred to above oan be hardened by applying
heat to the product at a temperature and duration that wHI not aoVeraely effect the actMty of the pnannaoeirttc
component. Any non toxic denaturing or polymerizing agent can be used in place of heat. If the heating step is

incorporated in the described method, the release of the active component wHI be extended over a greater 55
time period. It should be noted that in preparing the sustained release products of this Invention, any single
procedure or combination of procedures may be used provided that such procedure does not compromise
the activity of the pharmaceutical component

The particle size of the oral form of the composition of this invention can be any size suitable for the optimal
delivery of the incorporated pharmaceutical component^. The herein c^aoribeo! oral formulatfcrn can be used 60
in any of the known dosage forms such as tablets, capsutes, syrups, caplets, powders, end the t&s.
An alternative formulation for an oraify administered medical composition uses the foflowinQ method, to this

method, any non polar volatile, organic solvent may be used. In this instance carbon tetrachloride Is the
solvent. However, It must be emphasized that in the use of such aotwenta, 84 traces of tWs component must be
removed in one of the n^anutacturing steps rhetors proceeding to produce the firwihed product Th* process to m
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as follows: mix 10 gms of lecithin in 10cc of carbon tetrachloride; this will result in a clear solution. Add the

pharmaceutical component into the solution (e.g., 5 gms of erythromycin) and mix thoroughly. Using any

appropriate method, i.e., spray drying, distillation or the like, process the product to remove the carbon

tetrachloride. Spray drying is preferred. This process will yield powder-like particles comprised of lecithin and

5 the pharmaceutical component encased in the lecithin matrix.

The next step is designed to coat the particles with a coacervate film. The procedure is as follows. Make a

suspension of the powder referred to above in 100 mis of water containing 10 gms of polymerized albumin and

10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an appropriate alcohol

dropwise, n-butyl alcohol is preferred until a coacervate forms and coats the particles with a coacervate film.

10 stirring during the addition of alcohol and afterward to insure that coacervate encapsulation of the particles

continues for from 1/2 to 3 hours. If desired, the same or a different pharmacologically-active component can

be added to the albumin-lecithin solution for incorporation into each additional film layer. The product then is

stored for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are separated from its liquid vehicle by filtration or other

15 appropriate means and dried using any conventional method. This yields a finished oral product of the

pharmaceutically-active component coated with a coacervate-based film. The product can be used to prepare

capsules or reconstituted with an appropriate liquid(s), e.g., syrup, to produce a product with the desired

clinical dose.

If desired, the product referred to above can be processed further to produce a sustained release

20 composition. This may be accomplished by any of several methods including application of heat, use of a

cross-linking agent such as gluteraldehyde, or covering the encapsulated product with one or more additional

layers of coacervate film. The additional layer of film is preferred, and any of the additional layers can be

hardened for sustained release. It is preferred that the final layer not be hardened for prompt release of any

active component contained therein.

25 The procedure is as follows. Make a suspension of the powder referred to above in 100 mis of water

containing 10 gms of polymerized albumin and 10 gms of monomeric lecithin with or without 0.5% to 50% w/v

of any physiologically-active compound. Stir the composition for about 2 minutes. Add n-butyl alcohol

dropwise until a coacervate forms and coats the particles with a coacervate film, stirring during the addition of

alcohol and afterward to insure that coacervate-encapsulation of the particles continues for from 1/2 to 3

30 hours. The product is then stored forfrom 12 to 24 hours at about 4° C. Longer contact of the particles with the

coacervate, while stirring, provides thicker films for control of film thickness and control of the amount of the

active compound, if any, contained therein.

Following the storage step, the particles are separated from the liquid vehicle by filtration, sieve or other

known appropriate methods and dried using any of the conventional drying techniques. This procedure will

35 add a coacervate layer (film) to the composition; said layer (film) comprising the pharmaceutically-active

component, if any, and the coacervate-based encapsulating film. This process may be repeated as often as

required to produce one or more additional layers (films) with corresponding sustained release effects. The

quantities of the active ingredient(s) within each layer can be varied to meet dosage requirements,

if desired, the structure of the surface of any of the layers referred to above can be hardened by applying

40 heat to the product at a temperature and duration that will not adversely effect the activity of the pharmaceutic

component. Any non toxic denaturing or polymerizing agent can be used in place of heat. If the heating step is

incorporated in the described method, the release of the active component will be extended over a greater

time period. It should be noted that in preparing the sustained release products of this invention, any single

procedure or combination of procedures may be used provided that such procedure does not compromise

45 the activity of the pharmaceutical component.

The particle size of the oral form of this alternative can be any size suitable for the optimal delivery of the

incorporated pharmaceutical component(s). The herein described oral formulation can be used in any of the

known dosage forms such as tablets, capsules, syrups, caplets, powders, and the like.

It is preferred that both the matrix containing the physiologically-active component(s) and the film that

50 encapsulates it be coacervate derived or based. However, if desired, the matrix and/or film may be comprised

of a non-coacervate composition. For example, the film may be comprised of such materials as glycerides,

carnuba wax or sugar, and the like. If a sugar coating is to encapsulate the matrix, the particles comprised

principally of matrix containing the active compound are dispersed in thick sugar syrup and the composition is

mixed rigorously for from 30 seconds to 5 minutes or more depending on the desired film thickness. Following

55 this step, the particles are separated from the vehicle by filtering if a consistent size particle is desired or

centrifuged or by any other acceptable conventional process. If a non-coacervate based matrix is desired, the

following method is used (See method for inhalation composition.) The film in such case will be coacervate

based.

As noted previously, this invention provides for modifications of the basic formulation. Such modifications

60 produce medically useful compositions which can be used either transdermal^ or transmucosalfy. These

formulations involve processing the preferred oral composition to produce a gel.

When applied transmucosally, (i.e., intranasally or rectally), the gel composition of this invention adsorbs

onto the mucous or rectal membranes and is absorbed therein through the mucosal tissue to the blood

stream. The active component is released from the gel and is absorbed by the membranes, passing into the

65 blood stream by way of the capillaries. The gel composition can be prepared in forms that provide for
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Immediate release, sustained release or any combination thereof. The quantity of drug Incorporated can be
varied according to medical requirements. Only those active components which are Intrinsically irritating to the
nasal or rectal membranes are not desirable for incorporation in the gel.

Preparation of the gel can be accomplished, as an example, by mixing additional albumin, or pectih or
combinations thereof into the oral formulations. Accordingly, hydrocoliolds, particularly bloadhealve 5
hydrocolloids, such as albumin and pectin, are added after the oral formulation has been completed to
formulate the gel.

r

The gel composition can incorporate non polar drugs. These may be further subclaasified ae drugs or other
physiologically-active compound(s) which are heat sensitive: and- drugs' or other physiologically-active
compound(s) which are heat stable. Thus, erythromycin is an example of a heat stable composWbn; Insulih is 10
regarded as a heat sensitive composition. In the process of this invention, heat stable drug preparations ban
be "fixed", I.e., the encapsulating Aim can be hardened or structured In the manner described. On the other
hand, heat sensitive drug preparations can ba structured by the application of physical techniques such as
radiation or physlcochemical means, such as n-butyl alcohol which form a coacervate and then an
encapsulating film of the composition. ^
The process to prepare the gel is based on any of the oral preparations described above. It is preferred

however, to use the above-described example method incorporating the mono and di gfyceride components
More specifically, warm a mixture of 7.5 gms of monoglyceride and 7.5 gms of dlglycertde until a dear solution
of the mixture Is produced.

Unequal proportions of these glycerides may be used, but are not preferred. Equal or uhequai proportions 20
of mono-, dl- and triglycerides also may be used. However, this mixture is also not preferred. When the
warming step is completed the pharmaceutical component is mixed into the Solution. The solution thert is
subjected to a spray drying step while the product is gradually cooled. The product resulting from this step will
be a powder comprising particles containing the pharmaceutical component.
The next step is designed to coat the particles with a coacervate film. The procedure is as follows. Make a 25

suspension of the powder referred to above In 100 mis of water containing 10 gms of polymerized albumin &nd
10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an appropriate alcohol
dropwise, n-butyl alcohol Is preferred, until a coacervate forms and coats the particles with a coacervate film,
stirring during the addition of alcohol and afterward to Insure that coacervate encapsulation' of the particles
continues for from 1/2 to 3 hours. The product is then stored for from 12 to 24 hours at about 4° C. 3d

Following this step, the composition is processed through centrtfugation, sieving or other appropriate
separatory techniques to separate the coacervate drug particles from its vehicle and to retain particles having
a gel-like surface. Following this step, a bloadhesive hydrocollold, such as albumin or pectin of any appropriate
combination thereof, is mixed into the composition. The quantity of albumin that may be used ranges from
about 2<Vb w/v to about 20% w/v; the range of pectin that may be used also ranges from about 2% w/v to 35
about 2Tjo/b w/v. 10o/0 w/v of pectin is preferred. The pH of the preparation is adjusted to about 7 4 bv the
addition of HCI or NaOH, as required.

"

.

In the case of heat unstable drugs, and the like, the process described above is modified. Following the
coating step the composition is stored at room temperature for about 24 to 72 hours. After this period, the
composition may be used or the composition may be heated at from 40 to 50° C until the particles assume a 40
soft gel-like character, it is preferred that following the coating Steps the preparation can be processed by the
dropwise addition of a suitable protein denaturing agent, such as ethyl alcohol, n-butyl alcohol, Isopropyi
alcohol, and the like, until the structure of the interfaces of the particles range from soft gel-like to semi-solid
N-butyl alcohol Is preferred.

If desired, a sustained release effect for this composition is achieved by subjecting portions of the product 4$
to heat, a cross-linking agent or radiation or combinations thereof. Heat is preferred. The following procedure
is provided as an example. 20<Vo of the composition is hot heat treated. 20<to is heated at 70° C for 40 seoonds-
20o/b is heated at 65° C for 60 seconds and the remaining 20o/o is heated at 60° C for 90 eeobhds. The poiht to
be made is that the exact combination of heat and time depends upon the specific drug being used and the
desired schedule of drug release. '

$b
Microparticles comprising the transmucosal products can range from less than 1 micron to 6 microns or

more in size. Particles less than 1 micron In size are preferred. The quantity of drug of other attfve agent to be
incorporated into the composition is determined by medical considerations and cah range from 1/2 of the
convention oral or intravenous dose to four times the conventional dose.

After the composition is produced, e.g., normal or sustained release or combinations of normal and 55
sustained release, the composition is placed in any dosage form suitable for nasal or recta administration.
The process used to produce the transmucosal gel is used to produce the transdermal gel except that the

adjustment of the pH is not required. In this embodiment, the drug or combination of drugs is sequestered or
otherwise incorporated in a coacervate-based composition comprised of microencapsulated particles which
range from semi-liquid to gel-ilke in structure. The compositlon(s) may be applied directly to the skin In such 60
forms as ointments or gels and Incorporated in a cellulose based patch or a suitable container. In thS preferred
mode, the composition is placed in a container and used In conjunction with an appropriate sonlfler By this
technology an unexpected degree of drug absorption by the skin Is achieved. Moreover, the transdermal gel
and sonifier permits any scheduled administration or emergency administration as required.

While transdermal methods of drug administration are known, the literature does not reveal a technique In &
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which a coacervate-based microencapsulated composition is used in conjunction with a sonlfier. in this

embodiment of the invention, use of a sonifier produces a local cavitational effect in the skin and in underlying

tissue fluids, the net effect of which is to make the skin more permeable to the drug(s) being administered and

to make the drug more available to the underlying tissues, including the capillaries and microcirculation. The

5 cavitational effect is induced when sonification is applied and is ended when sonification is terminated. The
.

application of the sonifier permits intermittent increases in skin permeability to administered drugs as

required.

in the preferred practice of this invention, the finished product, e.g., the coacervate-based gel containing

the medication required for either single or multiple doses, is placed in a suitable, leak proof container.

10 approximately the size of a wrist watch. The bottom of the container should be made of a semi-porous or

microporous support layer, e.g., a cellulose layer. The sides and top of the container should be made of plastic

or other suitable non toxic material. The top of the container should have an opening large enough to contain

the head of a hand held sonifier such as NOVOPHON (manufacturer: Elredge Resources). Any suitable

sonifier presently used for physical therapy can be used in accordance with this embodiment of the present

15 invention. The container should be constructed such that a thin layer of either aluminum foil or plastic or other

composition suitable to transmit the sonifier effects to the medication and the skin is placed between the

medication and the sonifier head. The medication is administered transdermal^, as required by placing the

head of the sonifier in the container and activating the sonifier for the time necessary to administer the

prescribed dose of medication.

20 Presently available transdermal patches are characterized by a continuous straight line release of the drug.

This has been shown to be problematic with drugs such as nitroglycerin. In addition, such release is

inconsistent with the body's normal release of hormones, enzymes and the like. Thus, by way of illustration, the

body normally secretes very small quantities of insulin throughout the day. Upon ingestion of food, however, a

surge of insulin is released. This invention permits a virtual duplication of such release phenomena not only for

25 endogenous compositions but for medicaliy useful exogenous compounds as well. In addition, this invention

enables transdermai administration of medication according to any medically prescribed schedule.

This invention differs importantly from Zeffarone (U.S. patent No. 4,557,723) in that in his techniques a rate

controlling membrane is used and is limited to drugs which show natural diffusive flux. No such features and

limitations are present in this embodiment of the present invention. Ariura (U.S. patent No. 4,474,570) uses

30 iontophoresis as the driving force. However, the Ariura device produces an unacceptable degree of heat in its

operation. The present invention does not generate unacceptable heat; its driving force not only differs but its

effect upon the skin differs from that of iontophoresis. The U.S. patent of Sibalis (4,557,723) describes an

electrophoretic technology but also identifies the problems with known transdermal delivery devices. The

Sibalis technology is fundamentally unrelated to the transdermal-sonifier embodiment of the present invention.

35 Sibalis relies upon battery supplied electrical current which battery must be changed according to different

flow requirements. Sibalis simply refers to a medicament. In the Ecanow patent, medications are encapsulated

in coacervate-based films. The herein described use of localized sound waves as opposed to electrical current

is an unobvious modification in that in the herein disclosed use, sound waves produce an effect on the skin

and tissue fluids of the site that renders the site more permeable to drugs within the coacervate compositions.

40 Sibalis and others who have described transdermal inventions do not disclose such properties.

Embodiments of the disclosed transdermai composition may be comprised of a matrix of hydrated

hydro philic colloids of which coacervate compositions comprise one class of such colloids. Gels constitute

another class. Other compositions that could be used to provide the substrate for the medicament in this

invention include any gelled silicon media, petrolatum and the like. In this invention, a gel based upon any

45 acceptable coacervate formulation is preferred. Any of the described formulations which eventuate as oral or

parenteral products of this disclosure can constitute the basis for preparing the transdermal product.

Medications that can be incorporated in the gel for transdermal administration include enzymes, biologicals,

drugs and other useful medicaments. In short, any medically useful molecule capable of penetrating the skin

may be used in this invention. Use of the sonifier in conjunction with this composition acts in an unexpected

50 manner to increase the rate of transdermal passage.

The method to produce a coacervate-based inhalant composition, as another embodiment of the present

invention for administration of any suitable medication is as follows:

A method to prepare an inhalant medication is as follows:

Heat a mixture of about 7.5 gms of monoglyceride and about 7.5 gms of diglyceride at a temperature of from

55 70 to 75° C until a clear solution of the mixture is produced. Mix the desired amount of the pharmaceutical

component into the solution. Next, process the product by means of a spray drying step to produce a powder
form of the product. Next, make a suspension of the powder in 100 mis of water containing 10 gms of

polymerized albumin and 10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an

appropriate alcohol dropwise, n-butyl alcohol is preferred. During the addition of alcohol the product should be
60 stirred gently until a coacervate forms and coats the particles with a coacervate film, to insure that coacervate

encapsulation of the particles continues for from 1/2 to 3 hours. After this step, adjust the pH to about 7.4 and
if desired, and store for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are separated from the liquid vehicle by filtration or other

appropriate means. The particles are process ed using a colloid mill and/or a microfluidizer and sieving or

65 other filtering procedures to produce particles which are 1 micron or less in size. After this step, the quantity of
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appropriate means and dried using any conventional method. This yields a finished oral product of a

coacervate coated pharmaceuticany-active compon ent, coated with the coacervate-based film. The product

can be used to prepare capsules or reconstituted with an appropriate liquid(s), e.g., syrup, to produce a

product with the desired clinical dose.

5
EXAMPLE 9

The procedure of Example 8 Is followed, but in addition, the encapsulated microparticles are subjected to a

lyophilizing process before prepared as capsules, tablets, or liquid preparations.

10 EXAMPLE 10

The process of Example 9 is followed except the product is divided into four portions. Portion 1 is heated at

50° C for 2 minutes; portion 2 Is heated at 60° C for 2 minutes; portion 3 is heated at 65° C for 2 minutes;

portion 4 is heated at 70° C for 1-1/2 minutes. After the heating step, the products are combined thereby

forming a sustained release composition.

15

EXAMPLE 11

The process of Example 9 is followed except that the finished, product of Example 9 is processed further by

adding an additional coacervate (film) coat to the product as per the process of Example 9. The resulting

composition comprises a sustained release composition with two release rates.

20
EXAMPLE 12

The process of Example 11 is followed except that 20Q/6 of the finished product is processed to receive an

additional coacervate (film) coat, two additional coats (films) are applied to 300/b of the product, and 50% of

the product comprises the original finished product of Example 1 1 . The products are mixed together thereby

25 comprising a composition with sustained release characteristics, i.e., three release rates.

EXAMPLE 13

The procedure of Example 8 is followed except that regular insulin is used in place of erythromycin and in a

quantity that will yield a finished oral composition containing 40 units of insulin per dose.

30

EXAMPLE 14

The procedure of Example 13 is followed except that regular insulin incorporated in liposomes is used in as

the active component.

35 EXAMPLE 15

The procedure of Example 8 is followed, except that urokinase in an amount that will give unit dose of 50,000

IU is used in place of erythromycin and the encapsulated microparticles are subjected to a lyophilizing process

to produce a powder which can be placed in capsules for oral use or used to reconstitute a liquid dosage form

by using an appropriate liquid.

40
EXAMPLE 16

The procedure of Example 8 is followed except that 15 gms of erythromycin encapsulated In liposomes is

used..

45 EXAMPLE 17

The procedure of Example 8 is followed except that lidocaine is used in place of erythromycin and in a

quantity that will yield a finished composition containing 1o/o lidocaine/5 ml per unit dose.

EXAMPLE 18

50 The procedure of Example 8 Is followed except that 50O mgs of flourourocil encapsulated in liposomes is

used as the active component.

EXAMPLE 19

The procedure of Example 11 is followed except that following the application of the additional coacervate

55 coating to the product the composition then is heated at 70° C for 60 seconds.

EXAMPLE 20

The procedure of Example 8 is followed except that erythromycin is replaced with urokinase in an amount
that will yield 50,000 IU of urokinase per unit dose.

60

EXAMPLE 21

The procedure of Example 20 is followed except that the urokinase component is encapsulated in

liposomes.

65
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EXAMPLE 22

This process consists of the following steps: prepare polymerized albumin by adding 1 ethyl-3-dimethyl-
aminopropyi-carbodiimide to a 10% solution of moriomeric albumin In an amount sufficient to produce a
concentration of 6.0% w/v EbC in the product. Process In a colloid mill and/or a rfllcrofluldlzer for abdut 2
minutes. Next, store the product at about 4° C for about 10 hours. Mix into the product a solution of 5
stroma-free hemoglobin to a concentration of about 10% by weight of the composition and about 2 rnlillmoiee

of NADPH into the product arid process in a colloid mill and/or a microfluidizer for about 6 minutes; following

this step, mix Into the solution polymerized lecithin In an amount sufficient to provide tha solution with a
concentration of polymerized lecithin of about 8% by weight into the product/and process Again in a colloid

mill and/or a microfluidizer for about 3 to 5 minutes. Next, adjust the pH of the product to that of whole bfooB 10
using HCI or NaOH as necessary. Following this step, adjust the isotonlcity using plasma electrolytes in such
concentration as will give the product the Isotonlcity of whole human blood. Adjust the viscosity as the next
step so that the viscosity approximates that of whole blood. At this stage of manufacture the product may be
used as a red blood cell substitute (resuscitation fluid) provided that it is first filtered to remove all extraneous
matter and all particles that exceed 1 micron In size in any dimension. It is preferred, however, that the filtered. 16
product be processed further using either a chemical process based on a non-toxic crosslinklng agent, such
as gluteraJdehyde, or a physical processing step, such as heat. The heating step Is preferred and consists of
heating the preparation for about 2 minutes at a tefnperature that may ranfle from about St)

0
fe to about 70° C

producing a film thai can range from geWIke to rigid In character. Following this step, the" resulting fcompdsftion
Is filtered to remove ail extraneous matter and arty microencapsulated particles that exceed 1 micron fn size in so
any dimension. The finished product of this invention ban consist of partloles of 1 micron df less In size with a
minimal degree of surface Aim hardness or, alternatively, It can consist of particles of mixed surface film

hardnesses. The desired quantity of the particles can be added to any appropriate physiological fluid. As such,
it will then comprise a product suitable for intravenous administration as a red blood cell substitute
(resuscitation fluid). If desired, the microencapsulated particles may be used In much the same rnaririSr as es
packed red blood cells. If desired, the product may be lyophlllzed or otherwise dried and reconstituted as a
resuscitation fluid with any appropriate physiological fluid.

EXAMPLE 23

The procedure of Example 22 is followed except that polymerized lecithin is used in place of monomerlc 30
lecithin.

EXAMPLE 24

The procedure of Example 22 is followed except that stroma-free hemoglobin incorporated In liposomes is

used in place of stroma-free hemoglobin. 35

EXAMPLE 25
The procedure of Example 22 is followed but In addition, the encapsulated mlcropartlcies afe subjected to a

lyophilizing process to produce a powder form of the composition that can be mixed into an appropriate
physiological fluid to produce a red blood cell substitute. 40

EXAMPLE 26

The procedure of Example 22 Is followed except that 10% w/v of modified hemoglobin is used in place of
stroma-free hemogiobin.

EXAMPLE 27
45

The procedure of Example 22 is followed except that the heating step consists of heating the composition at
60° C for 2 minutes.

EXAMPLE 28 &
The procedure of Example 8 is followed, except that erythromycin i6 replaced with heparin In ah amount that

will give 1000 USP unlts/ml in the finished product; the composition Is subjected to a lyphlfotlng process to
produce a powder form of the composition which can be prepared as tablets or capsules or reconstituted
using any appropriate pharmaceutical fluid thereby comprising a useful oral medication.

EXAMPLE 29
55

The procedure of Example 1 1s followed except that (1) 5 gms of erythromycin replaces the hemoglobin and
(2) the steps involving glutathione and the addition of 1-ethy!-3 dimethyl aminopropyi-carbodiimide are
omitted. The step to adjust the pH of the composition to approximately 7.4 Is made after the storage period.
After the heating and filtering steps, the micropartlcles are dispersed in any appropriate physiological fluid. The 60
product then is ready for parenteral administration or stored, preferably under refrigeration, until needed.

EXAMPLE 30

The procedure of Example 29 is followed except that urokinase Is used irt place of erythromycin in a quantity
that will yield a finished composition containing 50,000 lU of urokinase per unit dose. &
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EXAMPLE 31

The procedure of Example 29 is followed except that 500 mgs of flourouracil is substituted for erythromycin

and the sizes of the microparticles of the finished product range from less than 1 micron to 4 microns.

5
EXAMPLE 32

The procedure of Example 1 is followed except that 10% w/v of erythropoietin is used in place of

hemoglobin, and the steps involving the use of glutathione and 1 ethyl-3-dimethyi aminopropyl carbodiimide

are omitted. The finished product comprises a useful intravenous composition of erythropoietin. The product

10 can be lyophilized to produce a powder form of the composition and stored under refrigeration or

reconstituted with an appropriate physiological fluid for intravenous administration.

EXAMPLE 33

The procedure of Example 22 is followed except that 10% w/v of modified hemoglobin is used In place of

15 stroma-free hemoglobin.

EXAMPLE 34

The procedure of Example 31 is followed except that the flourouracil is encapsulated in microparticles of 2

to 4 microns in size. This product is combined with the erythromycin product of Example 29; the mixture

20 comprising an intravenous composition composed of two active components with differing particle sizes,

eryrhtomycin 1 micron or less; flourouracil 2-4 microns.

EXAMPLE 35

The procedure of Example 22 is followed, except that the stroma-free hemoglobin encapsulated in

25 liposomes is used as the starting hemoglobin component.

EXAMPLE 36

The procedure of Example 22 is followed but, in addition, the encapsulated microparticles are subjected to a

lyophiiizing process to produce a powder form of the composition that can be stored at 4° C or reconstituted

30 with an appropriate physiologic fluid to produce a red blood cell substitute (intravenous).

EXAMPLE 37

The procedure of Example 31 is followed except that the erythromycin and flourourocil incorporated in

liposomes are used as the active components.

35

EXAMPLE 38

The procedure of Example 22 is followed except that 275 mgs of erythromycin is used in place of the

hemoglobin component and the steps involving the use of NADPH and 1 ethyl-3-dimethyl-aminopropyl

carbodiimide are omitted. The step in which the pH is adjusted to approximately 7.4. is made after the storage

40 period. After the heating and filtering steps, the microparticles are dispersed in any appropriate physiological

fluid. The product is then ready for intravenous administration or it may be stored, preferably at 4° C.

EXAMPLE 39

The procedure of Example 38 is followed except that leuprolide in a quantity that will yield ieuprolide mg/0.2

45 ml in the finished product is . substituted for erythromycin.

EXAMPLE 40

The procedure of Example 39 is followed, except that urokinase in that quantity as will give 50,000 IU activity

per dose in the finished product is used in place of leuprolide and the product is lyophilized. The product can

50 be reconstituted with an appropriate physiological fluid for intravenous use.

EXAMPLE 41

The procedure of Example 40 is followed except that 60,000 IU of urokinase incorporated in liposomes, is

used as the active component.

55

EXAMPLE 42

The procedure of Example 40 is followed except that 500 mgs of flourouracil replaces urokinase and is

processed so that the particle size of the particles ranges from 2-4 microns and the product of Example 38 is

mixed with the product of this Example. This comprises an Example of a combination of two compositions,

60 each with a different particle size.

EXAMPLE 43

Mix to a concentration of 10% w/v stroma-free hemoglobin into a solution of polymerized lecithin ofabout

200/o concentration. Process the product in a colloid mill and/or a microfluidizer for about 2-3 minutes. Mix

65 ascorbic acid of at least 0.1 gm per 100 ml of solution and an amount equal to 10% w/v (100 units/cc. in the
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finished product) of polymerized albumin Into the product and process the resulting product in a colloid mill
and/or a microfluidlzer for about 5-7 minutes. Next, store the product for about 1 0 hours at 4° C. Adjust the pH
of the preparation after the period of storage to about 7.4 using HCI or NaOH as necessary. Following this step,
add electrolytes present In human plasma In such amount as will give the product the Isotonlclty of whole
human blood. Next, adjust the viscosity of the product so that ft approximates the viscosity of whole human
blood. On completion of this step, the product comprises a microemuislon that consists of microencapsulated
particles containing the hemoglobin component. At this stage of manufacture the product mj*y be used as a
red blood cell substitute (resuscitation fluid) provided that It Is first filtered to remove all extraneous matter and
all particles that exceed 1 micron in size in any dimension. It Is preferred, however, that the filtered product be
heated for about 2 minutes at about 70° C: The product then Is filtered to remove an extraneous matter and ai!

microencapsulated particles which exceed 1 micron In any single dimension. After this step, the product may
be used as an intravenous blood substitute or stored, preferably at 4° C, until needed.

EXAMPLE 44

The procedure of Example 43 is followed except that stroma-free hemoglobin incorporated in liposomes is
used in place of stroma-free hemoglobin.

EXAMPLE 45
The procedure of Example 43 Is followed but in addition, the encapsulated mlcropartlcies are subjected to a

lyophilizlng process to produce a powder form of the composition that can be mixed into an appropriate
physiological fluid to produce a red blood cell substitute.

EXAMPLE 46

The procedure of Example 43 is followed except that 100/0 w/v of modified hemoglobin is used in place of
stroma-free hemoglobin.

EXAMPLE 47
The procedure of Example 43 is followed except that the heating step consists of heating the composition at

50° C for about 2 minutes.

EXAMPLE 48

The procedure of Example 43 is followed except that (1) 275 mgs of erythromycin replaces the hemoglobin
component. The step in which the pH is adjusted to approximately 7.4. is made after the storage period. After
the heating and filtering steps, the resulting microparticles are dispersed in any appropriate physiological fluid.
The product then Is ready for intravenous administration or storage at 4° C.

EXAMPLE 49

The procedure of Example 43 is followed, but in addition, the composition is lyophilized to produce a powder
form of the product which can be reconstituted with any appropriate physiological fluid.

EXAMPLE 50
The procedure of Example 48 is followed, except that 500 mgs of flourouracil Is used in place of

erythromycin and the sizes of the microparticles are in the range of 2 to 4 microns.

EXAMPLE 51

The procedure of Example 50 is followed except that the flourouracil is encapsulated in liposomes before
being encapsulated within the coacervate composition.

EXAMPLE 52
The procedure of Example 48 is followed except that leuprolide in a quantity that will yield leuprolide mg/0 2

ml in the finished product is substituted for erythromycin.

EXAMPLE 53
The procedure of Example 8 is followed except that 200 mgs. of ibuprofen is used in place of erythromycin.

EXAMPLE 54
The procedure of Example 43 is followed except that 10Q/o w/v of erythropoietin is used In place of

hemoglobin and the step involving the use of ascorbic acid is omitted. The finished product comprises e useful
intravenous composition of erythropoietin.

EXAMPLE 55

The product of Example 48 is mixed with the product of Example 50 to produce a combination of two
compositions with differing particle sizes.
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EXAMPLE 56

The procedure of Example 48 is followed except that leuprolide is used in place of erythromy cin, and in an

amount that will give 4 mgs/0.2 ml of leuprolide in the finished product.

5 EXAMPLE 57

The procedure of Example 48 is followed except that erythromycin is replaced with urokinase in an amount

that will give 50.000 IU per dose in the finished product

EXAMPLE 58 —•:•„-

10 The procedure of Example 56 is followed, except that the leuprolide component is encapsulated In

liposomes.

EXAMPLE 59

The procedure of Example 8 is followed except that after the addition of n-butyl alcohol and the stirring step,

15 about 1Wo w/v of pectin is mixed into the product now comprised of the microparticles separated from the

vehicle. After the step in which pectin is added, the pH of the composition is also adjusted using either HCI or

NaOH as required to about 7.4. The product comprises a composition that can be administered

transmucosally and/or transdermal^.

20 EXAMPLE 60

The process of Example 59 is followed except that 50/o nitroglycerin is used to replace erythromycin and 50/b

w/v of albumin is used in place of pectin. The finished product comprises a transmucosal medication.

EXAMPLE 61

25 The process of Example 59 is followed except that 5 mg/ml of lidocaine replaces the nitroglycerin.

EXAMPLE 62
The procedure of Example 59 is followed except that a heating step of about 50° C for 40 seconds replaces

the step using n-butyl alcohol. Following heating, the product is processed to separate the microparticles from

30 the vehicle. About 10% w/v pectin is mixed into the resulting microparticle com position. During the step in

which the pectin is added, the pH of the product is adjusted to about 7.4 using either HCI or NaOH as required.

EXAMPLE 63

The procedure of Example 59 is followed except that 5% nitroglycerin is used in place of erythromycin;

35 storage of the composition at room temperature for about 24 hours replaces the heating step.

EXAMPLE 64

The procedure of Example 59 is followed except that 5<>/o w/v albumin replaces pectin and 10% nitroglycerin

is used.

40

EXAMPLE 65

The process of Example 59 is followed except that 5% nitroglycerin is used to replace erythromycin and 5%
w/v of albumin is used in place of pectin. The finished product comprises a transmucosal medication.

45 EXAMPLE 66

The process of Example 65 is followed except that 5 mg/ml of lidocaine replaces the nitroglycerin.

EXAMPLE 67

The process of Example 66 is used except that 100 units of regular insulin is used instead of lidocaine.

50

EXAMPLE 68

The process of Example 59 is followed except that 0.1% ascorbic acid is added at the same time pectin is

added.

55 EXAMPLE 69

The process of Example 62 is used except that 1 00 units of insulin is used instead of erythromycin.

EXAMPLE 70

The process of Example 62 is used except that 0.2Vo ascorbic acid is added when pectin is added.

60

EXAMPLE 71

The procedure of Example 62 is followed except that 40 units of insulin is used in place of erythromycin;

storage of the composition at room temperature for about 24 hours repJaces the heating step.

65
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EXAMPLE 72

Mix about 10 gms of lecithin Into about 10 ce of carbon tetrachloride. Add 5 gms of erythromycin to the
solution. Spray dry the product until all traces of carbon tetrachloride are removed. The resulting product wfH
be comprised of pdwdet-like particles c6rftprfsed of erythromycin arid covered by a film of lecithin. Next, rrtfik*

a suspension of the powder in 100 mis of water containing 10 gms of polymerized albumin and 10 gms of S
monomelic lecithin. Stir the composition for about two minutes. Add afi appropriate atoohol dfopwtee*

,
n-butyl

alcohol is preferred. During the addition of ateohol the product should be stirred gerttly Until a Coacervate
forms and coats the particles with a coacervate film. Stirring continues for from 1/2 to 3 hours to Insure
coacervate encapsulation* of the particles. After this step, adjust the pH to about 7.4 and if dflsired, store* tor

from 12 to 24 hours at about 4° C. 10

Following the storage step, the particles are separated from the liquid vehicle by filtration or other
appropriate means arid dried using any conventional method. This yields a finished oral product comprised of
coaceravate coated erythromycin. The product can be used to prepare tablets, capsules or reconstituted With
an appropriate llquid(s). e.g., syrup, to produce a product with the desired clinical doss.

13

EXAMPLE 73

Mix about 10 gms of lecithin into about 10 cc of carbon tetrachloride. Add 3 gms of erythromycin into the
solution. Distill the product until ail traces of the cartoon tetrachloride are removed and the product Comprised
of teeithin and eiythrorrrycln, is in the f&rrri of a Viscous residue' . Mix about 56 ml£ of a 104ft solution of albumin
into the product. Add 100 mis of distilled Water and centrifuge the composition for about 10 minutes at about So
2500 rprfi. Th6 particles now separated from their vehicle are collected. They Comprise an oral erythromycin
coated by a Coacervate film.

EXAMPLE 74

The method of Example 73 is followed except that the steps that begin with tha addfflon of the albumin 25
component are repeated.

EXAMPLE 75

The process of Example 72 is followed except that the product of Example 72 is converted to a sustained
release preparation using the following method. Make a suspension of the powder referred to above In 100 mis 30
of water containing 10 gms of polymerized albumin and 10 gms of monomelic teclthin. Stir the composition for

about two minutes. Add n-butyl alcohol drdpWise until a coacervate forms and coats the particles with a
coacervate film, stirring continues for from 1 12 to 3 hours during the addition of aJcohol and afterward to Insure
coacervate encapsulation of the particles. The product is then stored for from 12 to 24 hours at about 4* C.

Following the storage step, the particles are Separated from the liquid vehicle by filtration and dried! The 36
resulting composition comprises a sustained release medication useful for oral administration.

EXAMPLE 76

The process of Example 74 is followed except that the product of Example 74 is converted to a sustained
release preparation using the following method. Make a suspension of the powder referred to above in 1 00 mis 40
of water containing 10 gms of polymerized albumin and 10 gms of monomelic lecithin. Stir the composition for

about two minutes. Add n-butyt aicohoi dropwlse untti a coacervate forms and coats the particles with a
coacervate film, stirring continues for from 1 /2 to 3 hours during the addition of alcohol and afterward to Insure
coacervate encapsulation of the particles. The product is then stored for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are separated from its liquid vehicle by filtration and dried. The 46
resulting composition comprises a sustained release medication useful for oral administration.

EXAMPLE 77

. Mix about 6 gms of lecithin in about 200 mis 5f water; add about 24 mis of an appropriate alcohol such as
n-butyl alcohol dropwise to the mixture. Next mix a solution comprised of about 3 gms of NaCI and about 60 SO
mis of water into the* lecithin-alcohol composition and allow to stand until a two phase ooacervate Is produced.
Separate the two phases and add 20o/o acetylcysteine to the coacervate phfitfes. Mix thoroughly. The pH Is

adjusted to about 8.0 after which the composition containing the medication may be administered by nebulizer
which sprays a mist of the particles having a particle size of 1 micron or less.

55
EXAMPLE 78

The process of Example 77 is followed except that 5 gms of lecithin Is added to the coaoervate phase in

place of acetylcysteine and the pH is adjusted to about 7.4 using HCl or HaOH as required.

EXAMPLE 79 60
The process of 77 is followed except that ths lecrthin-coacervate phase, per se, is adjusted to a pH of about

7.4 and used as an inhalant medication.

31



0 274431

EXAMPLE 80

Heat a mixture of about 7.5 gms of monoglyceride and about 7.5 gms of diglyceride at a temperature of from

70 to 75° C until a clear solution of the mixture is produced. Mix 15 gms of erythromycin into the glyceride

solution thoroughly. Next, process the product by means of a spray drying step to produce a powder form of

5 the product. Next, Make a suspension of the powder in 100 mis of water containing 10 gms of polymerized

albumin and 10 gms of monomelic lecithin. Stir the composition for about two minutes. Add n-buty! alcohol

dropwise until a coacervate forms and coats the particles with a coacervate film, stirring forfrom 1 12 to 3 hours

during the addition of alcohol and afterward to insure coacervate encapsulation of the particles. The product is

then stored for from 12 to 24 hours at about 4° C.

10 Following the storage step, the particles are separated from the liquid vehicle by filtration or other

appropriate means. The particles are processed using a colloid mill and/or a microfluidizer and sieving

procedures to produce particles which are 1 micron or less in size. After this step, the quantity of particles

necessary to produce the required dose is mixed Into any appropriate fluid including the liquid vehicle referred

to above. The product comprises an inhalant medication and is administered by nebulizer or other mist

15 spraying apparatus.

EXAMPLE 81

The method of Example 77 is followed except that 15 gms of erythromycin is used in piace of acetylcysteine

and the pH adjustment is made to about 7.4.

20

EXAMPLE 82

The procedure of Example 1 is followed except that (1 ) 275 mgs of erythromycin is dispersed in oleic acid of

about 10Q/b w/v as the first step of the process and the step using the reducing agent is omitted.

The step to adjust the pH of the composition to approximately 7.4. is made after the storage period. After the

25 heating and filtering steps, the microparticies are dispersed in any appropriate physiological fluid. The product

is then ready for oral administration or stored, preferably under refrigeration, until needed. The composition

may be administered orally, if desired.

EXAMPLE 83

30 The procedure of Example 82 is followed except that the object of the heating step in this method is to

produce microparticies which are gel-like in character. The composition is heated at about 60° C for about 45

seconds. The resulting composition then is centrifuged to separate the particles from the vehicle of the

product; following this step, about Wo w/v of pectin and about 0.1 o/o of ascorbic acid are mixed into the

product now comprised of the microparticies separated from the vehicle. During the steps in which pectin and

35 ascorbic acid are added, the pH of the composition is also adjusted using either HCI or NaOH as required to

about 7.4. The product comprises a nasally or rectally administered medically useful composition. The addition

of ascorbic acid can be omitted.

EXAMPLE 84
40 The procedure of Example 83 is followed except that in place of the heating step, the product is stored at

room temperature for about 24 hours and 5% nitroglycerin is used in place of erythromycin.

EXAMPLE 85

The procedure of Example 84 is followed. The finished product however is applied to the skin. The drug is

45 released from the composition and enters the circulation through the skin.

EXAMPLE 86

The procedure of Example 84 is followed except that 4000 meg of vitamin B-12 is us'ed in place of

erythromycin.

50

EXAMPLE 87

The procedure of Example 84 is followed except that 4 mgs/0.2 ml of leuprolide is used in piace of

erythromycin.

55 EXAMPLE 88

The procedure of Example 87 is followed except that the composition is administered rectally either in the

form of an ointment or a suppository.

EXAMPLE 89

60 The procedure of Example 86is followed except that the composition is applied to the skin, thereby

comprising a transdermal preparation.

EXAMPLE 90 *

The procedure of Example 82 is followed with the following exceptions: The heating step consists of heating

65 the composition for about 45 seconds at about 50° C and the adjustment of the pH takes place at a different
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point in the manufacturing process. Following the heating step, the microparticles are separated from the
vehicle and about 10% pectin and about 0.1o/o ascorbic acid are mixed intg the composltipn cpmprfsed of fhe
microparticles. During this step, the pH of the product Is adjusted tp about 7.4 using HCl or NaOH as requireg*.
The finished product comprises a nasally or rectafly administered medically useful composition.

EXAMPLE 91
'

The procedure of Example 90 is followed except that 5 mg/ml of lidocalne is used in place qf erythromycin-

EXAMPLE 92 .

The procedure of Example 91 is followed except that the composition is applied to the skin, thereby 10

comprising a transdermal preparation.

EXAMPLE 93

The process of Example 83 is followed except that 10 mgs/ml of ephredrfne is used in place of erythromycin.

EXAMPLE 94 ^
The procedure of Example 93 is followed except that the preparation is applied tp the skin thereby

comprising a transdermal preparation.

In accordance with another important embodiment of the method used to prepare both oraJ and parenteraJ
compositions, the cjrug-containjng coacervate compositions are prepare^ by (a) disspjvjng spto^phplipjfj In 2Q
water and adding thereto an alcohol in an amount which will cause the phosphoKpid-wateM^sohoi preparailgrj
to separate into three Immiscible layers wherein the lowest layer is cpl|oip;-poor, the middle (ayer is colloid-rich,

and the. upper layer is alcohol; (b) separating the middle phase, the nonpolar, collpidnicji phase, from the
other two phases

; and (c) adding a water-insoiqbie drug to a colloid-rich phase to such quantity as will produce
a solution containing the drug component in the desired dosage for oreJ, tissue lining absorptive or parenteraJ 25
administration. The colloid-poor lower phase may be used to soiubiiize water-soluble corripQtinds. Either the
colloid-rich or collold-poor phases or a combination of both phases may be used to encase the physiptogicaijy
active compounds. Additionally, the drug delivery compositions of the present Invention can be prepared In

the form of microencapsulated sustained release formulations (emulsions) .of oraJJy, tissue lining absorptive,, or
parenteraily administrate drugs. The microencapsulated particles range in size from less than abut too 30
nanometers to about 3 microns or larger, in the practice of the time-release embodiment of Ihe present
invention, the final composition or product may be composed of particles of the same or different sizes, with
differing time-release characteristics.

In accordance with the preferred method of this embodiment of the present invention, an alcohol, such as
isopropyi alcohol, is added dropwise to aWo w/v aqueous solution of one or more surface active agents, such ^
as albumin, until a two-phase liquid aqueous system is produced. The two phases are separated. The upper
phase Is referred to as the colloid-rich phase ; the lower phase known as th& coiloid-popr phase is discardec* or
stored for later use to prepare additional quantities of the coacervate composition. A 40/0 w/v quantity of dry
lecithin powder is dissolved in the coHoid-rich phase creating an albumin-lecithin based coJJoid-rich phase. The
oral or parenteral drug to be used is dissolved in the colloid-rich phase as described vyfth reference to the 40
three-phase embodiment of manufacture. The finished composition of this embodiment of the present
invention can be prepared either as an emulsion or as a suspension.
A critical distinction between the coaceryate-based blood substitute compositions identified in prior

patents and the compositions of this embodiment of the present invention is in the addition of an appropriate
alcohol to a composition to form a two-phase coacervate composition with alcohol on top as an upper third 45
layer or phase. The middle coacervate phase then is separated out and a phosphoapid, su^h as lacjttiin, is

added thereto. A second coacervate composition results therefrom and is used to formulate the coaceryate
compositions of this embodimentfor new anrf unsuspected stability. As an option, the rrideHe coacervate phase
can be used without the addition of the phosjiioiipid.

in accordance with the principles of the present invention, any appropriate non-fcpxic coa*aarv8$e 60
composition can be used in the manufacture of the drug delivery compositions of the present invention. The
coacervate-enveioped compositions of the present invention inGorpprate non-toxic endogenous or
exogenous surface-active agents, derivatives thereof and/or combinations of surface-active agents or
derivatives.

To achieve the full advantage of the alcohol embodiment of the present Invention, the coacervate 55
compositions include a phospholipid, such as iecithin; a protein with surface-active properties, such as
albumin; an alcohol such as n-butyi alcohol and water.

Any drug, particularly drugs administered parenteral^ or absorbed through the tissue lining, drugs which
are prepared and administered at an excessive pH, parenteral drugs that require pH adjustment Jiijmsdiately
prior to injection and any sait of a parent drug compound which has been neutralized by means of the proper 60
acid-base reaction to yield the parent compound may be used as the dnjg component in pie oretly, (issue
lining absorbed, or parenteraily administrable coaceryate based ftlm-erwejoped compositions of the present
invention.

It should be noted that whie the compositions of the present invention stabilize and solu£fe orai, $ssue
lining absorbed and parenteral drugs as described, some dissc4uaipn of the drug also occur? in eccor4anc©
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with the principles of the present invention.

Either the colloid-rich phase of the two-phase liquid aqueous coacervate composition, the colloid-poor

phase, or a combination of the coiloid-rich and the colloid-poor phases of the compositions may be used to

produce the outer coacervate based film enveloping the physiologically active compounds as orally, tissue

5 lining absorptive, or parenterally administrate compositions of the present invention. To achieve the full

advantage of the present invention, the physiologically active compound(s) are incorporated into the

colloid-rich phase of the composition. The colloid-poor phase can be used to incorporate and deliver

formulations of water-soluble, polar and semi-polar drugs. Administration of the formulations of this invention

may be oral; absorbed through the. tissue lining of the mouth, nasal passages, or rectum; intravenous;

10 intramuscular or subcutaneous, as desired.

Drug compositions commonly understood to be water-insoluble, as defined in the U.S. Pharmocopia, now

can be solubilized in an aqueous media by use of the present drug delivery compositions. Further, the

compositions of the present invention provide a basis for improving the manufacture and efficacy of literally

hundreds of orally, tissue absorptive, and parenterally administered drugs.

15 A preferred two-phase liquid aqueous coacervate composition in accordance with the alcohol embodiment

of the present Invention is prepared using the following steps. To 100 mis of sterile, pyrogen-free water are

added 1-60/o w/v of lecithin, derived from egg or other acceptable sources. The mixture is mixed or shaken

vigorously until the lecithin is thoroughly dissolved. 6 to 12 mis or more of any acceptable alcohol, particularly a

lower alcohol having 1 to about 6 carbon atoms, such as ethyl alcohol, n-buty! alcohol, and the like then is

20 added to the lecithin solution, and the solution then is shaken vigorously for from 10 to 30 seconds and set

aside, undisturbed, for from less than 1 to more than 4 hours. Within this period of time, the solution will

separate into three phases or layers. If at the end of two hours the phases have not separated out, additional

alcohol may be added dropwise until the separation of phases occurs. If desired, the period of undisturbed

storage may extend to 24 hours or longer. Longer periods of storage typically result in greater yields of the

25 coacervate phase. At the close of the storage period, it will be observed that three layers have formed. The

uppermost layer comprised of n-butyi alcohol is separated from the other phases such as by decanting or

through a separating funnel, and set aside since it is now extraneous to the coacervate system. The middle

layer comprises approximately 50 mis. of a colloid-rich coacervate phase and the bottom layer comprises

approximately 50 mis of a colloid-poor (equilibrium water) phase. The proportions of the bottom and middle

30 phases may vary from 0.50/b to 99.5%, based on the volume of both layers.

After separation of the phases is completed, from 1 to 2 grams of a surface active protein such as human

serum albumin, is dissolved in the colloid-rich coacervate phase of the solution to form a second coacervate

system or composition. The preparation is then stored, preferably under refrigeration at 4-10° C, until visual

inspection indicates that the preparation has separated into two phases. The upper layer comprises the

35 colloid-rich phase of the second coacervate composition; the bottom layer comprises the colloid-poor phase

of the second coacervate composition. The two phases can be separated, such as by decanting, and a desired

dosage of a drug or other physiologically active compound is dissolved In either the colloid-rich phase and/or

the colloid-poor phase to provide an injectable, orally, or tissue absorptive administrate composition. If

desired, the quantity of drug combined into the coacervate composition may be more or less than a standard

40 dose to provide a modified clinical dose. Additionally, If desired, urea in an amount that may range of 10/0 to

40Wb w/v may be added to the coacervate phase, prior to the addition of the drug component to make the

coacervate phase less non-polar.

In accordance with another important embodiment of the present invention, a monoglyceride, diglyceride

and/or a triglyceride is included in the coacervate composition as a liquid vehicle for dispersing or solubilizing

45 one or more physiologically active compounds therein. The vehicle containing the physiologically active

compound dissolved or dispersed therein then is enveloped in one or more exterior layers of a coacervate

based film in order to provide new and unexpected stability to the orally, tissue absorptive or parenterally

administrable compositions. As used herein, the term "triglycerides" refers to short chain, medium chain, long

chain, and hydrogenated triglycerides. In this invention monoglycerides and diglycerides may be used as an

50 option. Combinations of mono, di, and triglycerides also may be used. Medium chain triglycerides are

preferred. In an optional process, physiologically acceptable halogenated compounds, particularly

halogenated hydrocarbons may be substituted for the glyceride component of the compositions of the

present invention. The preferred halogenated chemicals are the perfluorohydrocarbons, such as

perfiuorodecalin. Suitable other perfluorochemicals include perfluorotributylamine, perfluoro-N,N dimethylcy-

55 clohexylmethylamine, perfluorotripropylamine and perfluorotrimethylbicyclo(3.3.1)nonane. Other suitable

halogenated hydrocarbons include halothane (2-bromo-2-chloro-1,1,1-trifluoroethane) and methoxyflu-

rane(2,2-dichloro-1 ,1 -difluoroethylmethylester).

All components may be prepared, combined and/or mixed under sterile conditions. The water used in

manufacturing the coacervate system should be sterile and pyrogen-free for intravenous preparation.

60 In accordance with this embodiment, the pharmaceutical component or combinations thereof are dissolved

in a glyceride, preferably a medium chain triglyceride, preferably 30°/o w/v, containing a pharmaceutical

component solubilizing agent, such as a hydrogenated oil. oleic acid, or linoleic acid preferably 10°/o w/v,

based on the weight of the triglyceride to substantially increase stability. The triglyceride may be Wo to 80%
w/v of the composition and may be a monoglyceride or a diglyceride or mixtures of one or more mono, di, or

65 triglycerides. The solubilizing agent may be added to the glyceride in an amount of about 0% to about 500/o by
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weight of the glyceride, for example, i&Vb hydrogenated vegetable oil or oleic acid* whenever needed for

complete solubilization of physiologically active components. The glyceiide component may be composed of

short chain (up to C9) , rfledlum chain (C9 to C1 8) ,
long chairi (above C1 8) arid/or hydrbgeh^ted triglycerides 6r

combinations thereof depehdliig upon {he comfrosftfoh to be prepared. Medium cTiairi (C9 its OiS) .

triglycerides are preferred. The quantity of the pharmaceutical cbmponeht(s) mixed irttb the triglyceride rrMy 6
range from O.Wo to 15<Vto in excess of conventional clinical doses. The individual dose df the (ShaYrrtaceutlcaJ

component(s) of the finished composition Is adjusted as necessary to meet clinical rSquir§mertfs.

The preferred method of the* triglyceride embodiment of the present Invention also provides for prefiaratlon

of sustained release forms of the mlcroemulslbns described above. This process involves the following steffs :

(1J Mix the desired quantity of the pharmaceutic bbrhponeht(s) Into a solution containing! thai quantity df a id

medium chain triglyceride containing 10<Vo hydrogenated oil as will comprise 30Q/& w/v In the finished product;
the w/v concentration df the triglyceride component may vary from 1 Wo to tfOTfo w/v ; 30<Vb W/v Is preferred ; the
quantity of the pharmaceutic compdhent(s) used oan range from 0.01<Vt> to 15% ill excess df established

clinical doses; in the finished product, the individual dose Is adjusted to clinical requirements. (2) Prepare a
second solution comprising 5% w/v of albumin; mix the same pharmaceuHd comportent(s) usdd In step 1 iflto 15

the albumin solution ih an amount that may range from 25Vo less than the established clinical dose to 15P/b In

excess of the established clinical dose; 3<Vo w/v of lecithin then is mixed Intb the product of Step 1 ; this mixture

is repeatedly passed through an appropriate colloid mill to product a micrdemulsfori, the* pafttfeles or droplets

of which are one rfifcron Or less irt size; It Is preferred that heat, ih a range from 30° C to 70° C, be appitecf

during the micfoeffiuistfying step; in an alternative procedure, the heatfftg step rhay be deferred until the 2b
microerrtulsibri has been formed, as described.

Specific examples of the alcdhbi and glyceride embodiments of the present Invention are provided Iri the

following examples 127-160.

EXAMPLE 95 26
To 100 mis of sterile, pyrocjen-free water is added 4P/o W/v of egg lecithin. The mixture is stirred vigorously

until the lecithin Is thoroughly dissolved. 10 to 12 Ms of h-butyl alcohol then are added to the iebithlrt solution,-

which is then shaken vigorously for from 1 to 2 hotirs. At the close of the storage period, It Is observed that

three layers or phases have formed. The middle layer comprising the coribtd-rich phase Is separated from the

other phases by means of a separatory funnel. 1 to 3 grams of human serum albumin then Is dissolved In this* 3d
colloid-rich phase. The solution then Is stored at from 4 to 10° C until visual Inspection indicates that this

solution has separated Into two phases arid that ho Increase in the volume of said (rfrases Is occurring. The two
phases then are separated by means df a separatory funnel. That quantity of diazepam added to the
colloid-rich phase as will result in a final concentration of5 mg of diazepam per milliliter of cdacervate solution.

After this step, the colloid-poor (lower) phase is mixed into the collbid-rich phase. The resulting mixture then is 35
emulsified tb produce a microernulslon. The pH of the mlcrOemuislon then Is adjusted, If necessary, to 7.3^7.4

by the dropwise addition of dilute hydrochloric acid or sodium hydroxide. The preparation then can" be stored
in suitable containers for use orally or by injection.

EXAMPLE 96 40
The procedure of Example 95 is followed except that prior to storage or administration, the composition is

heated to produce a sustained (time-release) preparation. The preparation described in Example 1 1s heated at
70° C for 60 seconds. The resulting microencapsulated droplets are separated from' the ernulsion, washed
thoroughly with sterile water, then dried thoroughly and dispersed In arty appropriate vehicle for parenteral or
oral use, for example, to provide a composition containing 5 mg of diazepam per ntfltlfter of solution. On 45
completion of this step, the composition may be administered orally, by injection or stored in suitable

containers until needed.

EXAMPLE 97

The procedure of Example 95 is followed except that 10 mis. of a commercial preparation of diazepam Is $b
used in place of diazepam (parent compound).

EXAMPLE 98

The procedure of Example 96 is followed except that 5 mgs of diazepam is used in place of the commercial
parenteral preparation of diazepam. 55

EXAMPLE 99

The procedure of Example 95 is followed except that 50 mgs of a ctirfimercial preparation of phenytoiri is

used instead of diazepam.

EXAMPLE 100

The procedure of Example 96 is used except that 50 mgs of a commercial parenteral preparation of

phenytoin is used In place of diazepam.

35
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EXAMPLE 101

The procedure of Example 95 is followed except that 50 mgs of phenytoin, as the parent compound, is used.

EXAMPLE 102

5 The procedure of Example 96 is followed except that 50 mgs of phenytoin, as the parent compound, is used

in place of diazepam.

EXAMPLE 103

The procedure of Example 95 is followed except that 7 mis of diazepam are used. ,

10

EXAMPLE 104

The procedure of Example 95 is followed except that 100 mgs of a commercial intramuscular parenteral

preparation of tetracycline HCI is used in place of diazepam.

15 EXAMPLE 105

The procedure of Example 96 is followed except that 100 mgs of a commercial intramuscular preparation of

tetracycline HCI is used In place of diazepam.

EXAMPLE 106

20 The procedure of Example 95 is followed except that 100 mgs of a crystalline tetracycline Is used in place of

diazepam.

EXAMPLE 107

The procedure of Example 106 is followed except that 250 mgs of a commercial intravenous preparation of

25 tetracycline HCI (neutralized) reconsti tuted as per the manufacturer's directions is used instead of diazepam.

EXAMPLE 108

The procedure of Example 95 is followed except that preparation of the composition is completed when the

diazepam is dissolved in the colloid-rich phase of the coacervate system. The preparation is then ready for oral

30 or parenteral administration or storage.

EXAMPLE 109

The procedure of Example 95 is followed except that preparation of the composition is completed when the

phenytoin is dissolved in the colloid-rich phase in place of diazepam. The preparation then may be orally or

35 parenteral^ administered or stored as required.
*

EXAMPLE 110

The procedure of Example 95 is followed except that tetracycline is dissolved in the colloid-rich coacervate

phase in place of diazepam. The preparation is then ready for oral or parenteral administration or storage.

40

EXAMPLE 111

The procedure of Example 95 is used to the point where the colloid-rich phase is separated from the

colloid-poor phase. Instead of using the colloid-rich phase to dissolve the drug component, the colloid-poor

phase is used to incorporate the drug component. Thus, 5 mis of commercial trimethoprinsulfamethazole

45 infusion is thoroughly mixed into 125 mis of the colloid-poor phase. The preparation then is ready for infusion.

EXAMPLE 112

The procedure of Example 111 is followed except that after the drug is mixed into the colloid-poor phase,

125 mis of the colloid-rich phase is added and the preparation emulsified. The composition then may be

50 infused.

EXAMPLE 113

The procedure of Example 96 is followed except that glucagon, in any quantity ranging from 0.5 mg to 1.0

mg, is substituted for the diazepam. If desired, from 25 mgs to 150 mgs of lactose is added to the preparation

55 following the addition of glucagon.

EXAMPLE 114

The procedure of Example 96 is followed except that 0.5 mg of glucagon is substituted for the diazepam.

60

EXAMPLE 115

The procedure of Example 95 is followed except that Methyldopate HCI is used instead of diazepam and 1PA>

w/v of urea is added prior to the Incorporation of the drug component.

65
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EXAMPLE 116

Melt the solid form of 15<Vo w/v of long chain triglycerides and 16% w/v medium chain trigJyoerides Add 250

r>w
e^ !Z

mC
-

" t0 thS me,ted ProduPtand add 5 ml of an aqueous solution containing5% albumin and3%
w

mDC
*i

,F

f
*° Provide about 850 mg. of erythromycin in the colloid-rich phase. Mix ttw rwulfSproduct and permit the composition to elowly cooi tp room temperature. If the product/ is to be3d s

2522: "1^°"^ « described previously, if the finished piduSKadministered orally, adjustment of the pH and isotonicity is optional. Process the product through a cajoleI mill
This wj produce e mioFOsuspended composition having sdid micropartictes comprised of the phSnaceStacomponent(s) enc^syiated byatriglyceride/c^cervatefilm,^

SSSTiTS
1^ siz

* 0F" pomp09,t,ons may have 8 mbrtyre Qf <*5 •£ * »

EXAMPLE 117

of^X^ycin
9 01 EXamP!e 1 16 iS f°"0WaCl except th&t 1QQQ unlt5/!Tl1 P8r unit dos<? Qf h{,psrin 18^ 10 P'a^

EXAMPLE 118

Example 95 is followed except 10 ml of Factor VIII is substituted for diazepam.

EXAMPLE 119

Example 95 is followed except 30 mi of Faetpr IX complex Is substituted for diazepam.

EXAMPLE 120

Example 95 is followed except 250 mg of atrial peptide 3 is substituted for diazepam.

EXAMPLE 121

14% by weight of hemoglobin is encapsulated In a liposome product and then the liposome is placed In thecoacervate phase of Example 95. The remaining procedure Is the same as Example 35.

EXAMPLE 122 30

The procedure of Example 95 is followed except that nutritional quantities of L clonine, L argiuipa. L aspartie
acid, L glutam.ne. glysine, L histidine, L proline, L servine. and L tryosine also are added

EXAMPLE 123

The procedure of Example 95 is followed except that the diazepam component is first enveloped in a

d
P
escnbe

8

dJk
r

rp]e 127™ " "** H° *" **** «* P™**** in the m™«
EXAMPLE 124
The procedure of Example 123 is followed except that 5 mg of heme is used in place of diazepam.

EXAMPLE 125

di
h

BP!^
0CedUre

°f EXamP 'e 123 fe f0"QWed 1<cept ** 2,500,00° w '
01 * used in place of

EXAMPLE 126

The procedure of Example 123 is followed exgppt that, that amountof erythromycin as will give 250 mg of
erythromycin in the finished product Is used in place of diazepam.

^
EXAMPLE 127 60

The procedure of Example 123 is followed except that, that amountof insulin as will result in a finished
product containing 40 units, of insulin Is used in place of diazepam.

IS

SO

25

40

45

EXAMPLE 128

mI^h9dUf
w °L

Examp
^ 123 is followed excePt that, that amount of stroma free hemoglobin as will resultmafinished product containing 14 percent by weight of stroma free hemoglobin is used in place ffdCSS

In accordance wtth another important embodiment of the present invention, compositions capable of oral or

™„ r«„!n^
n

k°,^°^ 5?
containln9 a Physiologically-active component that augments the

oxygen-transport capability of the body, to treat various anemias, and act as an oxygen-carrying plasma 60volume expander, initially, three aqueous solutions are prepared: an aqueous solutionM^tSSSX0.1% e.g
.

to 5% w/v of a first non-toxic surfactant, such as albumin; optionally an Seowaincluding at east about 0.1%, e.g. .1 to 5% w/v of a second surfactant, such as KnTSnd\
'£2

SSJSS^ ^ °^6Vf"yin
S

mol$cule ****to9 ^on. sueh as heme, a hemoprqtWi 3/5 %heme-hemoprote.n complex. It is preferred that the hemoprcteln of the heme-hamoproTein complax be es
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10

15

20

In accordance with still another important embodiment of the present invention. It has been found that the

instability of the physiologically-active iron-containing molecule capable of carrying and r^gown
(heme and/or the hemoproteins and/or the heme-hemoprotein complex) can be minimized or substantially

completely eliminated by treating a solution (preferably aqueous) containing the Iron-containing mo ecule

prior to coacervatlon, with a chemical complexing agent capable of forming a stable ron complex, such as

carbon monoxide or an inorganic cyanide, particularly cyanide salts or cyanide complexes, such as sodium

cyanide or hydrogen cyanldeTand thereafter treating the complexed solution, preferably to saturation, with an

interactant. capable of interaction with the Iron complex, to release the complexing age"tfrom the

iron-containing molecule which escapes from the solution in gaseous form. To achieve the full advantage of

the present invention, the chemical complexing agent is carbon monoxide and he interactant is o^gen or

purified air bubbled through the solution In excess to release the carbon monoxide from the iron-containing

molecule and saturate the solution to remove the carbon monoxide from the solution. This process of

iron-complexing and then interaction to release the complexing molecule will stabilized the physiologically-ac-

tive iron-containing solution, either before or after admixture or emulsification with the other of

the composition so long as the process is carried out prior to coacervatlon. To achieve full advantage of the

present Invention, an antioxidant, such as ascorbic acid, is added to the final composite to prevent oxidation

of the final composition.
t

. .

In aeneral, the amount of heme and/or hemoprotein, and/or heme-hemoprotein complex present in the

composition of the present invention is determined by the clinically indicated required dose for the treatment

of a particular dysfunction. If the composition is to be used to augment the oxygen-carrying capacity of the

recipient the amount of heme, hemoprotein and/or heme-hemoprotein complex in the composition of the

present Invention is the amount necessary to restore oxygen transport to normal levels within the time frame

of the treatment regimen. However, if the intended use of the composition of the present invention is to treat

25 anemic states such as those due to blood loss, the quantity of heme, hemoprotein and/or heme-hemoprotein

complex is the amount necessary to restore normal hemoglobin levels of between approximately 5% and

approximately 14o/o within the time frame of the treatment regimen. Likewise, if the intended use of the

composition of the present invention is to treat iron deficiency states, an exemplary amount of heme,

hemoprotein and/or heme-hemoprotein complex is that amount that introduces approximately 100-150 mg of

30 elemental iron per dose.

In accordance with the preferred embodiment, the aqueous albumin, lecithin and heme, hemoprotein ana/or

heme-hemoprotein complex solutions then are thoroughly admixed. Alternatively, the powdered forms of

albumin, lecithin, and the heme, hemoprotein and/or heme-hemoprotein complex can be admixed, then

converted into a solution by adding sufficient water such that the amount of albumin and lecithin each equals

35 approximately 3°/o w/v in the finished composition, and the heme, hemoprotein or heme-hemoprotein equals

from about 50/0 to about 300/0 w/v in the finished composition. This mixture then is subjected to a physical or

chemical precipitating agent. For example, heat, ranging from about 20° to about 70° C, is applied until the

mixture "precipitates" to produce an aqueous two-phase coacervate system. Temperatures below about 20

C, or above about 70° C, can be utilized accord ing to the method of the present invention so long as the time

40 of heat treatment causes the solution to precipitate into a two-phase coacervate solution while preventing

excessive heat treatment to the extent of denaturing the composition causing loss of the coacervate.

Alternatively, rather than heating, a non-toxic alcohol, such as ethyl alcohol, or an appropriate electrolyte, such

as sodium chloride, can be added to the mixture to produce an aqueous, two-phase coacervate system. The

coacervate system then is emulsified using conventional techniques. The isotonicity and the pH of the

45 emulsion are adjusted to approximate the values found in the human body, approximately O.SWo saline. The pH

is adjusted using an acid, such as hydrochloric acid, or an alkaline substance, such as sodium hydroxide.

Isotonicity is adjusted through addition of an appropriate electrolyte such as sodium chloride, or water as

required.

This emulsion can be used as a composition for the oral or intravenous introduction of iron into the body.

50 However, the optional addition of a sterol, such as cholesterol, added in a sufficient amount, for example from

about 1o/o to about 50/o w/v based on the total weight of both phases, provides the composition with a degree

of surface hardness thereby improving the composition for use as an orally or intravenously administrable

composition.

The emulsion also can be processed further, before isotonicity and pH adjustments are made, by using

55 conventional techniques to produce a microemulsion. The microemulsion includes the coacervate-based

microemuisified particles and the heme, and/or hemoprotein and/or the heme-hemoprotein complex, each in

a form that is compatible with the reticuloendothelial system and microcirculation systems of the human body

and is a size that can be absorbed by the intestines. This microemulsion composition can be administered

orally or intravenously. '

GO For oral administration, the microemulsion can be dispensed by any of the conventional oral dosage forms,

such as liquid microemulsion or soft capsulation, e.g. a syrup or a capsule containing a liquid. In accordance

with another important feature of the present invention, the microemulsion can be processed further using

either heat or a cross-linking agent to produce a microencapsulated composition having sustained

time-release characteristics. Generally, heat, ranging from 25° to 70° C, is preferred, and is applied over

65 varying time periods, such as about 2 sec. to about 150 sec, to convert the microemulsion into
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microencapsulated particles having varying decrees of surface-coacervate film hardnesses. The mlcroemulsi-
fied coacervate can also be treated at temperatures about 70° C, or below 25° C, for a tffne sufficient to
produce a time-release composition capable of releasing the physiologically-active component, for example,
up to about 72 hours, after administration of the composition. It has been found that longer heating time
Increases the film hardness, thereby affecting the time-release characteristics of micrdencapsulated partlcies. 5
Therefore, particles of similar or different release rates can be" combined in a single ddse and can be
administered orally or intravenously after being placed In ah appropriate vehicle or dosage

1

fbrrh.
In accordance with the present Invention, coacervate systems also can be produced by using a single

surfactant, such as albumin alone, and a precipitating agent. The precipitating agent can be a non-tbxlc
aJcohol, such as isopropyi alcohol or ri-butyl alcbhol, electrolytes, heat, or a combination thereof. Similarly, an 10
alternative coacervate system that cetft be used in the compositions of the present Invention can be
manufactured by preparing an aqueous solution of a surfactant, such as lecithin, arid then addirid a
precipitating agent, such as an alcohol or ah electrolyte In sufficientamount for phase separation to to yield a
coacervate system. Subsequent processing steps for these alternative coacervate* to produce orally or
intravenously administrate micrbemuislfied or microencapsulated compositions are Identical to the fS
processing steps described above.

Specific examples directed to the coacervate compositions including an IronKJorrtalhirlg molecule capable
of cam/IHg and releasing oxygen (heme dftd/dr hembproteins and/or heme-hembprbtefn complexes} are
provided In the following examples 161-176.

EXAMPLE 129
20

An aqueous 30/o w/v solution of albumin, an atJUebus 3Wo w/v solution of lecithin and art aqueous solution of
heme, containing the dose of henie desired in the end product, are thoroughly admixed after the heme solution
was treated with sufficient carbon rhbnoxide to drive off essentially all the dxygeh. The mixture theri Is heated
at 50° C. for a Sufficient time to produce* a too-phasd coacervate system. The twb-phase coacervate system 25
then Is emulsified in a blender, followed by the addition of art antioxidant, such fits ascorbic acid arid bV
adjustment of (1) Isotonlclty using sodium chloride arid/or water and (2) pH uelhg either ari acid or a base
such as hydrochloric acid or sodium hydroxide In an amount sufficient to bring the Isotortlcfty and pH values of
the emulsion within normal physiological ranges, e.g., 7.2 to 7.5 pH. The emulsion then fa converted, by
conventional colloid mill techniques to a mlorderrlulsiori of coacervate-based rtilcroemurslffed particles, having
a diameter of approximately 1 micron or less, the composition containing the rnicrbemUlslfted partloles
containing encapsulated heme, then Is adjusted for Isotonicity and pH as above, If necessary, the
microemulslfied particles can be used for draJ or intravenous administration to the body. This micrbemulsffted
composition then is heated at 60° C. for about i to about 150 Seconds to produce hardened,
microencapsulated particles having a range of sustained time-release characteristics. The microencapsulated
particles then are treated with excess oxygen to remove the carbon monoxide, and, optionally, stored under
an Inert blanket of nitrogen gas. These hardened, microencapsulated particles, when added to a suitable
vehicle, such as syrup, also can be Used orally, or in a physiological saline solution Intravenously. These
compositions are useful to augment the oxygen-transport capacity of the recipient and to Increase circulatory
volume. '

EXAMPLE 132

The procedure of Example 129, except that an aqueous 3% w/v solution of gelatin replaced the aqueous 3%
'v solution of albumin.w/v solution of albumin

EXAMPLE 133

The procedure of Example 129, however the manufacturing process was terminated after preparation of the
coacervate system mlcroemulsion, thereby producing ah orally adrriinlstrable composition useful In the
treatment of iron deficiency anemia, and ajiemias due td blood loss.

EXAMPLE 134

30

35

volume w
EXAMPLE 130

The procedure of Example 129, except that a complex of heme and stroma-free hemoglobin replaced the
heme.

EXAMPLE 131
45

The procedure of Example 129, except that art aqueous solution of 3% w/v of casein replaced the aqueous
30/o w/v solution of albumin.

BO

55

60
The procedure of Example 133, except that a heme arid strorria-free hemoglobin complex replaced the

heme, thereby producing a composition Useful in treating anemias due to iron deficiency or blobd loss.

EXAMPLE 135

The procedure of Example 129, except that the preparation of the microencapsulated sustained
time-release formulation is orhltted. ^
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EXAMPLE 136

The procedure of Example 129, except that the complex of heme and stroma-free hemoglobin is used, and

the manufacturing process is terminated after preparation of the microemulsion.

5
EXAMPLE 137

The procedure of Example 129, except that an aqueous 5<>/o w/v solution of albumin is used instead of the

aqueous 3% w/v albumin solution.

10 EXAMPLE 138

The procedure of Example 129, except that an aqueous 4<Vb w/v solution of lecithin is used instead of the

aqueous 39b w/v lecithin solution.

EXAMPLE 139

15 The procedure of Example 129, except that the coacervate system is produced by subjecting an aqueous

3o/o w/v solution of albumin to temperatures of 30-35° C. until formation of a two-phase coacervate system.

EXAMPLE 140

The procedure of Example 129, except that the coacervate system Is prepared by the dropwise addition of

20 ethyl alcohol to to an aqueous 3Q/o w/v solution of lecithin until a two-phase coacervate system is produced.

EXAMPLE 141

The procedure of Example 129, except that an aqueous 3% w/v solution of casein is used to replace the

aqueous 3<>/o w/v albumin solution, and a complex of heme and stroma-free hemoglobin is used to replace the

25 heme.

EXAMPLE 142

The procedure of Example 129, except the heme molecule is first encapsulated in a lecithin-cased liposome

before proceeding to produce the aqueous two-phase coacervate system.

30

EXAMPLE 143

The procedure of Example 129, except the heme-hemoglobin complex is first encapsulated in a ?

lecithin-cased liposome before proceeding to produce the aqueous two-phase coacervate system.

According to the perhalogenated embodiment of the method and composition of the present invention, a

35 non-toxic perhalogenated compound, such as a perfluorinated hydrocarbon and/or a perfluorinated amine,

can be used with the aqueous coacervate system to provide the compositions of the present Invention. The

perhalogenated compounds useful in the present invention include perfluorinated and perfluoriodinated

aliphatic and alicyclic hydrocarbons, perfluorinated and perfluoriodinated aliphatic and alicyciic ethers, and/or

perfluorinated and perfluoriodinated aliphatic and alicyclic amines. It has been found that perfluorodecalin and

40 perfluoroiododecalin are especially useful in the compositions of the present invention, either used alone or in

combination with other perfluorinated compounds, such as perfiuorotributylamine, perfluorotripropylamine,

perfluorotrimethylbicyclo[3.3.1 Jnonane and/or perfluoro-N,N-dimethylcyclohexylmethylamine.

In accordance with an important feature of the present invention, a method of producing a composition,

including a perhalogenated, and preferably a perfluorinated, compound; a two-phase aqueous coacervate

45 system; and a physiologically-active compound Is disclosed. According to the method of the present

invention, the physiologically-active compound is admixed with the perhalogenated compound, and the

resulting mixture then is admixed with an aqueous surfactant solution, such as an aqueous albumin solution

and/or an aqueous lecithin solution. Subsequent processing of the complete mixture produces a coacervate

system. The resulting coacervate-based composition then is processed further to produce a microemulsion,

50 having particles of 1 micron or less in diameter. Additionally, the microemulsion can be processed further

using heat, or other appropriate precipitating agents, to produce sustained time-release compositions, having

a single rate of release or a range of release rates.

The composition of the present invention can be administered orally or parenterally, preferably

intravenously. In addition, the composition of the present invention can be iyophilized using conventional

55 techniques to convert the 'liquid to a powder. The powdered product then can be reconstituted using

appropriate physiological fluids. For instance, when the reconstituted composition is intended for intravenous

use, isotonicity and pH should be adjusted to normal body values before administration.

In preparing the compositions of the present invention, it is preferred that both phases of the two-phase,

aqueous coacervate system be used. However, the non-polar, colloid-rich phase can be separated from the

60 colloid-poor phase, then used to prepare the compositions of the present invention. The compositions of the

present invention comprise microemulsified particles containing the aqueous coacervate and the

perhalogenated compound. A physiologically-active component can be incorporated into the perhalogenated

compound-coacervate system compositions of the present invention to yield a variety of end products that are

useful in the medical field. The microemulsified particles are manufactured to be of appropriate size, such that

65 the particles are compatible with the microcirculation system and the reticuloendothelial system of the human
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body and other mammals. The compositions of the present Invention may, If desired, be processed further to
produce compositions having time-release characteristics, such as by microencapsulating the particlee to
provide a time-release hardened coating on the composition.

To prepare the perhaJogenated compositions embodiment of the present invention, two solutions are
prepared: an aqueous solution, including from about 0.01% w/v to a quantity up to about 100% w/v 5
dispersion, of albumin; and an aqueous solution Including from about 0.01% w/v to a quantity up to about
1000/0 w/v dispersion of lecithin. In addition, a sufficient amount of a perhaJogenated compound, such as
perfluorodecalln, Is required to produce a composition including from about 0.1% w/v to about 99% w/v of the
perhalogenated. compound. To achieve the full advantage of the present invention, the aqueous solutions
include from about 1% to about 5%, and preferably about 3%, w/v of albumin arid about 1% to about 5%, and 10
preferably about 3% w/v of lecithin. Optionally, powdered albumin and/or powdered iecithih can be mixed with
the perhalogenated compound, and this mixture then converted to an aqueous solution containing the
required amount of albumin, lecithin and perhalongenated compound. According to the method of the present
invention, the compositions can include equal or unequal proportions of albumin solution to lecithin solution,
however, equal proportions of the albumin and lecithin solutions are preferred. To achieve the full advantage of 15
the present invention, equal weight amounts of albumin and lecithin are included in the compositions of the
present invention.

For example, if the finished product is Intended to be used as a barrier to food absorption, approximately
equal amounts of an approximately 3% w/v aqueous solution of albumin and an approximately 30/0 w/v
aqueous solution of lecithin, and a quantity of a perhalogenated compound, such as perfluorodecalih, are 20
thoroughly admixed and processed in a colloid mill to yield a mixture including from about 30% w/v to about
SOO/o w/v, and preferably about 40% w/v, of perfruorodecailn. The mixture then Is subjected to a physical or
chemical precipitating agent. For example, heat, ranging from about 20° to about 70° &, and preferably
ranging from about 30° to about 50° C, is applied until the mixture "precipitates" to produce a composition
comprising the aqueous two-phase coacervate system and the perhaJogenated compound. Temperatures 2$
below about 20° C, or above about 70c C, can be utilized according to the method of the present Invention so
long as the time of heat treatment causes the solution to precipitate into a two-phase coacervate solution
while preventing excessive heat treatment to the extent of denaturing the composition causing loss of the
coacervate. Alternatively, rather than heating, a non-toxic alcohol, such as ethyl alcohol, or an appropriate
electrolyte, such as sodium chloride, can be added to the mixture to produce an aqueous, two-phase 30
coacervate system. The mixture is subjected to the physical or chemical precipitating agent until visual
inspection, or inspection by microscopic techniques known to those skilled in the art, shows that the mixture
has separated Into the two-phase aqueous coacervate system.
The coacervate system-perhaJogenated compound composition then is re-emulsified using conventional

techniques. The resulting emulsion also can be processed further, by using conventional techniques, such as 35
a colloid mill to produce a microemulsion. The microemulsion includes the coacervate-based mlcroemulsffied
particles and the perfluorinated compound, each In a form that Is compatible with the rectfculoendotheliai
system and microcirculation systems of the human body. This microemulsion composition can be
administered orally or intravenously.

For oral administration, the microemulsion can be dispensed by any of the conventional oral dosage forms, 40
such as liquid microemulsion or soft capsulation, e.g. a syrup or a capsule containing a liquid. In accordance
with another important feature of the present invention, the microemulsion can be processed further using
either heat or a cross-linking agent to produce a microencapsulated composition having sustained
time-release characteristics. Generally, heat, ranging from 25° to 70° C, is preferred, and is applied over
varying time periods, such as about 2 sec. to about 150 sec., to convert the microemulsion Into 45
microencapsulated particles having varying degrees of surface-coacervate film hardnesses. The microernulsi-
fied coacervate can also be treated at temperatures above 70° C, or below 25° C, for a time sufficient to
produce a time-release composition capable of releasing the physiologlcaiiy-actfve component, for exattiple,
up to about 72 hours, after administration of the composition. It has been found that longer heating time
increases the film hardness, thereby affecting the time-release characteristics of microencapsulated pariidtes. So
Therefore, particles of similar or different release rates can be combined in a single dose and can be
administered orally or intravenously after being placed in an appropriate vehicle or dosage form.
The composition made in accordance with the above method can be utilized In weight reduction programs,

whereby after orally administering the food-barrier composition, the perhaJogenated compound In duded in
the composition coats the intestinal walls to preclude the absorption of food. Therefore

1

, the patient is riot 55
limited in the amount of food consumed because no food is absorbed through the intestinal walls until the
perhalogenated compound is expelled from the body. The.dosages and frequency of treatment are clinlcai
determinations that are made in regard to each Individual patient such that weight loss objectives arid
nutritional needs are balanced.

it should be noted that other additives, such as ffavorants, can be added to the perhalogenated 60
compound-aqueous coacervate composition to enhance patient appear, without detracting from the efficacy
of the composition. According to the method of the present invention, the aqueous cpaeervate system aRows
the oral introduction of the non-polar, non-aqueous perhalogenated compound Into the psttferit without the
need of additional emulsifying and suspending agents that are normally required to sofubfflze the
perfluorinated compound, but generally detract from product aesthetics and patient appeal. 6$
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The aqueous coacervate system, including the perfiuorinated compound, can also be used as a
resuscitation fluid to quickly introduce an oxygen-carrying molecule into a patient. In the manufacture of a
resuscitation fluid, the process of admixing the aqueous albumin and lecithin solutions and the
perfluorodecalin is performed as above except that prior to admixing the three liquids heme and/or

5 stroma-free hemoglobin, in an amount ranging from about 0.1% to about 30% w/v Is added to the

perfluorodecalin. The amount of perhalogenated compound used in the resuscitation fluid is limited to from
abut 100/0 w/v to about 300/o w/v, and preferably to about 20% w/v, of the entire composition. At these levels,

the amount of perhalogenated compound is too low to act as afood barrier, but is sufficiently large to coat the

Intestinal wail and bring the heme and/or stroma-free hemoglobin into intimate contact with the Intestinal wall

10 for rapid absorption. The perhalogenated compound is not absorbed by the intestinal walls but serves to

facilitate transport of the oxygen-carrying heme or stroma-free hemoglobin into the circulatory system.
It is preferred that the amount of the oxygen-carrying molecule included in the resuscitation fluid

approximate the amount of hemoglobin percent In whole blood, such as from about 5% to about 14%. It

should be noted, however, that because of the inherent oxygen-carrying capability of the perfiuorinated

15 compound, the amount of heme or stroma-free hemoglobin can be below the 14% wt% hemoglobin normally
found in whole blood. The heme or hemoglobin used in the present invention may be of endogenous,
exogenous, or synthetic sources.

After admixing the albumin and lecithin solutions, the perhalogenated compound, and the heme and/or
stroma-free hemoglobin, the osmotic pressure of the resulting mixture is adjusted to the isotonlcity of whole

20 blood by the addition of sodium chloride and/or any other suitable electrolyte or water, as required. The pH is

adjusted using an acid, such as hydrochloric acid, or an alkaline substance, such as sodium hydroxide. The
isotonicity and the pH of the emulsion are adjusted to approximate the values found in the human body,
approximately 0.9<Vo saline, and a pH of approximately 7.3 to 7.45.

After the pH and Isotonicity adjustments, the mixture is processed as previously described for the

25 food-barrier composition to produce a microemulsion having a particle size that is compatible with the
microcirculation and the reticuloendothelial system, such as 1 micron or less in diameter. The product then
can be administered intravenously as a resuscitative fluid.

Similarly, a product useful as an oxygencarrying contrast medium, such as those used in angioscopy, can be
manufactured according to the method of the present invention. The oxygen-carrying contrast medium can be

30 prepared by the method described above for the manufacture of a resuscitation fluid, however, a
perfluoroiodinated compound, such as perfiuoroiododecalln or iodinated perfluorodecalin, is used in place of

perfluorodecalin. i

If the perfiuorinated compound-coacervate system composition is to be used as a drug delivery system,
perfluorodecalin, the aibumin solution and the lecithin solution are prepared as described above. Before the

35 solutions are admixed, however, the non-polar to semi-polar physiologically-active and/or pharmacological t

compound or compounds are admixed into the perfluorodecalin in a sufficient amount to yield the desired, or
required, dose in the finished product if the solubility of the physiologically-active and/or pharmacological
compound or compounds in the perfiuorinated compound is exceeded, the physiologically-active and/or the
pharmacological compound or compounds can be dispersed and suspended in the perfiuorinated compound

40 to achieve the required, or desired, clinical dosage.
The physiologically-active and/or pharmacological components can include any drug, hormone, biological,

enzyme, antibiotic, peptide or other useful medical composition that is soluble in the perfiuorinated compound
to a sufficient degree to obtain a clinical dose. If salts of the parent drug compounds or other water-soluble
pharmaceuticals also are included in the product, these compounds are dissolved in the aqueous albumin or

45 the aqueous lecithin solutions before admixing and processing to produce the coacervate system. After
admixing, the mixture is processed in the same manner as described previously to prepare the food barrier

composition.

In those instances where the product is to be administered intravenously, the pH and isotonicity of the
composition are adjusted, if necessary, to approximate that of whole blood. The product then is suitable for

50 either oral or intravenous administration, as the particle size of the microemulsion, 1 micron or less in diameter,
allows absorption through the intestinal wail and is compatible with the microcirculation system and the
reticuloendothelial system. For oral compositions, the amount of the perhalogenated compound is maintained
at between about 10% w/v to about 30% w/v, and preferably about 20% w/v of the finished drug composition
to facilitate absorption of the drug into the circulatory system. For parenteral^ administered compositions, the

55 amount of perhalogenated compound can be Incorporated in amounts varying from about 0.1% w/v to about
990/o w/v of the finished drug composition, in order to maximize the solubility and stability of the
physiologically-active and/or pharmacological component.
The method of the present invention also can be utilized to incorporate a local or general anesthetic into the

coacervate system-perhalogenated compound composition. The anesthetic agent, either a gas, liquid, liquified

60 gas, or mixture thereof, first is dissolved in the perfiuorinated compound in the amount necessary to produce
the desired anesthetic dose in the final product. As described previously, the albumin solution, lecithin

solution and perfiuorinated compound are admixed, followed by heating the mixture at temperatures ranging
from approximately 20° to approximately 70° C for a sufficient time to produce a two-phase coacervate
system, as shown by visual or microscopic techniques.

65 The two-phase coacervate system then is processed to yield a microemulsion, having a particle size that is

\
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compatible with the microcirculation and the reticuloendothelial syste.m. The pH of the microemulsion Is

adjusted to that of whole blood using an acid, such as hydrochloric acid or a base such es sodium hydroxy.
The resulting product is suitable for intravenous and/or oral administration, allowing for more control in the
amount of anesthetic delivered and in the depth of the anesthesia,.

Any of the oral or Intravenously administered products can be prepared in a sustained time-release form by 5
treating the composition with an organic aldehyde, such as glutaraldehyde, or heat. The method provides a
composition having $ single pr multiple rate of release. The process yields mlcroem uteffied p^rtte^s
encapsulated by a coacervate-based film that pan be of any desired degree of particle surface film hardness,
ranging from liquid to gel-like to rigid.

.
..

According to this method, a portion, or all, of the microemulsified composition is heated, generally in a range 10
of from about 25° to about 70° G, and preferably in the range of 30° to about 40° C ovsr a varying time perjpd,
such as 2 sec. to about 150 sec, to convert the microemulsion into microencapsulated particles having varying
degrees of coacervate film hardness. The mlcroemulslfiea; coacervate cen also be treated etf temperatures
above 70° C, or below 25° C, for a time sufficient to produce a time-release composition cepeble of releasing
the physiologically-active component, for example, up to about 72 hours, after administration of the 15
composition. It has been found that longer heetino, time increases the film hardness, thereby affecting the
time-release characteristics of microencapsulated particles. Therefore, particles of similar or different release
rates can be combined in a single dose and can be administered orally or intravenously after being placed In an
appropriate vehicle or dosage form.

In accordance with the present invention, coacervete systems also cen be produced by using a single 2Q
surfactant, such as albumin alone, and a precipitating agent. The precipitating agent can" be e nan-toxic
alcohol, such as isopropyl alcohol or n-butyl qicohol; electroiytes; heet; or a combination thereof. Similarly, an
alternative coacervate system that is useful in the composWons of the present inventiqn, can be manufactured
by preparing an aqueous solution of a surfactant, such as lecithin, and then adding a precipitating egent, such
as an alcohol or an eiectrolyte, in sufficient amount for phase separation to yield a coacervate system. 25
Subsequent processing steps for these alternative caacervates to produce orally or intravenously
administrate microemulsified or microencapsulated compositions are identical to the processing steps
described above.

Specific examples of the perhaiogenated composition embodiment of the present invention are provided in

the following examples 144-180. 30

EXAMPLE 144

Apprqxlmately equal volumes of an aqueous. 3°/o w/v solution of albumin and an aqueous 3<Vto w/v solution, of
lecithin, and a sufficient amount of perfiuorodecalin to provide 40% w/v of perfiuorodecalin in the final solution

are thoroughly admixed. The mixture then is heated at 70° C. for a sufficient time, such as from about 3 35
seconds to about 2 minutes, to produce a two-phase coacervate system. The mixture is examined
continuously by visual or microscopic techniques throughout the heating period in order to terminate the
application of heat as soon as the mixture separates into a two-phase aqueous coacervate system. The
coacervate system, including the perfiuorodecalin, then is processed in a colloid mill to produce a
microemulsion. The microemulsion then can be used as an oraJly-administrable food absorption barrier 40
composition.

EXAMPLE 145

The procedure of Example 144, except that the application of heat is replaced by the dropwise addition of

ethyl alcohol until a visual inspection shows th&t the mixture has separated into the two-phase aqueous 45
coacervate system.

EXAMPLE 146

The procedure of Example 144, except that the application of heat is replaced by the addition of sodium
chloride until a visual inspection shows that the mixture has separated into the two-phase aqueous coapervate 50
system.

EXAMPLE 147

The procedure of Example 144, except that perfluorotributylamine is used in place of perfiuorodecalin to
yield a food absorption barrier composition including 30<Vo w/v or perfluorotributylamine. $5

EXAMPLE 148

The procedure of Example 144, except that the same volume of an aqueous 5<Vb w/v aJbqmin solution is

used.

EXAMPLE 149

The procedure of Example 144, except that the same volume of en aqujequs 5°/p w/v lecithin solution is. used.

60
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EXAMPLE 150

The procedure of Example 144, except that the mixture Is heated at 40° C.

EXAMPLE 151

5 The procedure of Example 144, except that an aqueous solution of heme Is admixed Into the

perfluorodecalin before the albumin solution, lecithin solution and perfluorodecalin are thoroughly admixed.
The amount of 20% w/v heme solution added to the mixture is sufficient to provide a final composition

including approximately7% w/v of heme. The perfluorodecalin is present at approximately 200/o w/v of the final

composition. The isotonicity and pH of the mixture then are adjusted using sodium chloride and/or water, and
10 either an acid or a base, such as hydrochloric acid or sodium hydroxide, in an amount sufficient to bring the

isotonicity and pH values of the emulsion within normal physiological ranges, e.g., 7.2 to 7.5 pH and 0.9%
saline. The mixture then is heated at approximately 70° C until a visual inspection indicates that the mixture has

separated into the two-phase aqueous coacervate system. The coacervate system, including the heme, then is

emulisifed to produce a microemulsion having a particle size of 1 micron or less in diameter. The composition

15 then can be used as an intravenously administrable resuscitation fluid.

EXAMPLE 152

The procedure of Example 151, except that an aqueous solution of 20% w/v stroma-free hemoglobin
instead of heme is admixed into the aqueous 3% w/v albumin solution to provide a mixture including 7%

20 stroma-free hemoglobin.

EXAMPLE 153

The procedure of Example 151, except that an aqueous solution of a heme and stroma-free hemoglobin
complex instead of heme is admixed into the aqueous 3% w/v lecithin solution to provide a mixture including

25 7% w/v heme and stroma-free hemoglobin complex.

EXAMPLE 154

The procedure of Example 152, except that polymerized stroma-free hemoglobin is used in place of heme.

30 EXAMPLE 155

The procedure of Example 152, except that pyridoxilated polymerized, stroma-free hemoglobin Is used in

place of heme.

EXAMPLE 156

35 The procedure of Example 151, except that the composition includes 30% w/v of perfluorinated

trimethylbicyclo[3.3.1]nonane in place of the 20% perfluorodecalin.

EXAMPLE 157

The procedure of Example 151, except that the composition includes 20% w/v of perfluorotribLrtyiamine in

40 place of the 200/6 perfluorodecalin.

EXAMPLE 158
j

The procedure of Example 151, except that the composition includes 12<Vo w/v of perfluorodecalin and 8%
w/v of perfluorotributylamine in place of the 20% perfluorodecalin.

45
EXAMPLE 159

The procedure of Example 151, except that insulin is used in place of heme to provide a composition
including 40 units/cc of insulin.

50 EXAMPLE 160

The procedure of Example 151
,
except that the anti-coagulant, sodium heparin, Is used in place of heme to

provide a composition including 1000 USP units/ml of sodium heparin.

EXAMPLE 161

55 The procedure of Example 144, except (1) methotrexate, a cancer treatment drug, is added to the
perfluorodecalin before the perfluorodecalin is admixed with the aqueous lecithin and aqueous albumin
solutions, and (2) the pH of the albumin-lecithin-perfiuorodecalin-methotrexate mixture is adjusted to

approximately 7.4, by adding either hydrochloric acid or sodium hydroxide, before the mixture is processed to

produce a microemulsion to provide a composition including 25 mg/mi of methotrexate.

60

EXAMPLE 162

The procedure of Example 161, except (1) the antibiotic, gentamycin, is used in place of methotrexate, and

(2) the pH adjustment is made after the mixture is processed to produce a microemulsion to provide a

composition including one mg/ml of gentamycin.

65
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EXAMPLE 177

The procedure of Example 144, except that vitamin A. vitamin D. and vitamin E are added to the

»7n2 2 ™„ , ? ! T^
,Ur9Wtes into a two-phase coacervate system. The two phasesare separated, and thiamine hydrochloride, d-blotln, riboflavin, niacinamide, pyridoxlne hydrochloridedexpanthenol. ascorbic acid, folic acid, and cyanocobaiamln Is added to tm%S^Sm^tXmSu»5recombmed and processed to produce a mlcroemutelon having a particle size oflmlcronTr \mL ffSSnaXto prov.de a composition including 3300 USP units/ml of vitamin A, 200 USP ISSSSSZ 5VS

a
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EXAMPLE 163

The procedure of Example 161
.
except (1) the antibiotic, cefazolin. is used In place of methotrexate andm

EXAMPLE 164pi^^XTiX~ -- h*•-—— -

EXAMPLE 165

The procedure of Example 161
.
except that the antibiotic thiopental is used in place of methotrexate.

EXAMPLE 166

The procedure of Example 161. except (1) the anesthetic halothane is used in place of methotrexane and

hlSne
'S bUbbl6d ,nt° *• P"*"*^ to prov.de a composL£SSSS^

EXAMPLE 167

EXAMPLE 166

The procedure of Example 161. except that the anesthetic sufentanil is used In piece of methotrexate toprovide a composition including 50 ug/mi of sufentanil.
memorrexate to

EXAMPLE 169 &

memLr«
r

va?»^™
f

H?
amp,8 161. except that the muscle relaxant succinyichdlne is used in place ofmethotrexate to provide a composition including 20 mg/ml of sucdnylcholine.

EXAMPLE 170

The procedure of Example 161, except that calcitonin, used in the treatment of osteoporosis is used Inplace of methotrexate to provide a composition including 20 I.U./ml of catottontn

EXAMPLE 171

The procedure of Example 161. except that the anesthetic ketamine is used in place of methotrexate to asprovide a composition including 10 mg/ml of ketamine.
meinoirexate to 35

EXAMPLE 172

The procedure of Example 161. except that the anesthetic fluorocil is used In place of methotrexate toprovide a composition including 50 mg/ml of fluorocil.
metnoTrexate to

40

EXAMPLE 173

The procedure of Example 161
,
except that the labor inducer oxytocin is used in place of methotrexate toprovide a composition including 10 USP units/ml of oxytocin.

mernotrexate to

EXAMPLE 174 45

The procedure of Example 151, except that monensin is used In place of heme.

EXAMPLE 175

EXAMPLE 176
The procedure of Example 1 44, except that Iodine is added to the perfluorodecalin prior to the admlxino the

I^ST^ S0,Utl°n P8rflu0r0decalin soluto to ^ide a corttra^

3C

55
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units/ml vitamin E, 3 mg/ml thiamine hydrochloride, 60 mg/mi d-biotin, 3.5 mg/mi riboflavin, 40 mg/mi

niacinamide, 4 mg/ml pyridoxine hydrochloride, 15 mg/ml dexpanthenol, 100 mg/ml ascorbic acid, 400 ug/ml

folic acid, and 5 ug/mi cyanocobaiamin.

5 EXAMPLE 178

The procedure of Example 161, except that the anti-asthmatic aminophylin is used in place of methotrexate

to provide a composition including 25 mg/ml of aminophylin.

EXAMPLE 179

10 The procedure of Example 153, except that the microemulsion is divided into four equal portions. The first

portion Is left untreated, the second portion is heated at 70° C for 10 seconds, the third portion is heated at 70°

C for 40 seconds and the fourth por tion is heated at 70°C for 70 seconds to produce a microencapsulated

composition having sustained time release capabilities.

15 EXAMPLE 180

The procedure of Example 144, except that the commercial product, perfiuoroiodide, is used in place of

perfluorodecaiin to provide a contrast medium including 40°/o w/v of perfiuoroiodide.

In one embodiment a method of maintaining tissue of an organ of a mammal viable, outside of the mammal's

body comprising immersing the tissue or organ in the composition as claimed herein to maintain the viability of

20 the tissue or organ until said tissue or organ is attached to a mammal.

In another embodiment a method of preparing a perhalogenated composition includes mixing an aqueous

solution of water, a surface active agent, and a perhalogenated compound under conditions to form a

two-phase aqueous coacervate system and contacting the perhalogenated physiologically-active compound

with one or both of the two-phases to envelope the physiologically-active compound, bound in particles, within

25 a coacervatebased aqueous film; said particles having a particle size of less than 1000 microns.

Claims

30

1 . A method of preparing a composition useful as a system to introduce and transport medically useful

compositions in the body of mammals by oral, tissue absorptive, inhalation, or parenteral administration; ,

the method being characterised in that it comprises forming a core material comprising core particles of a

material having a desired particle size; forming a mixture of one or more surface active agents, water and

35 one or more physiologically-active compounds and emulsifying the mixture to produce a two phase

coacervate composition comprising a coacervate phase and an equilibrium water phase, the

physiologically-active compound being contained in one or both of said phases; forming the core material

particles with one or both of the coacervate phases or contacting the core material with one or both of the

coacervate phases to embed the physiologically-active compound within a coacervate-based core

40 material matrix or to encapsulate the core material particles within an encapsulating coacervate-based

film containing the physiologically-active compound.

2. A method as claimed in claim 1 further characterised by emulsifying and microemulsifying the core

material with an emulsifying agent and water under conditions to form coacervate particles in the matrix

useful for oral administration having a particle size less than about 10 microns, preferably less than

45 about 1 micron.

3. A method as claimed in either claim 1 or claim 2, characterised in that the surface active agent is a

polymerized phospholipid, preferably polymerized lecithin, cephalin, isolecithin, sphingomyelin, phos-

phalidyl serine, phosphatidic acid, phosphatidyl inositol, phosphatidyl choline, or mixtures thereof.

4. A method as claimed in any one of the preceding claims, characterised in that the coacervate mixture

50 includes two surface active agents, at least one of which is a polymer having a weight average molecular

weight of 300,000 or less, the two surface active agents being preferably a phospholid and a surface

active protein, for example lecithin and polymerized albumin.

5. A method as claimed in any one of the preceding claims, further characterised by drying the

composition to form a powder capable of being reconstituted by the addition of a physiologically

55 acceptable liquid.

6. A method as claimed In any one of the preceding claims, characterised in that the or each surface

active agent is added in monomelic form and a polymerization initiator is added to said composition, said

polymerization initiator being capable of and present in an amount sufficient to polymerize the surface

active agent during processing of said coacervate mixture.

60 7. A method as claimed in any one of the preceding claims, characterised in that the core material is

formed from a coacervate-based matrix and the matrix is encapsulated with a coacervate-based film.

8. A method as claimed in any one of the preceding claims, characterised in that the

physiologically-active compound comprises insulin, an atrial peptide, or a perhalogenated compound, for

example a perfluorinated hydrocarbon, perfluoroiodinated hydrocarbon, perfluorinated amine, perfluo-

65 roiodinated amine, perfluorinated ether, perfluoroiodinated ether, perfluorinated hydrocarbon-iodine

i
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complex, or mixtures thereof, preferably perfiuorodecaJin, perfiuorofododecaJin. perftucTotributytamine,

perfluorotripropylarnine. perflucro-N,N-dimethylcyclohex^ perfhjomtrimethyi-blcy-

do[3.3.1]nonane, iodinated perfiuorodecalin or perfluoroiodide.

9. A method as claimed In any one of the preceding claims, characterised in mat the physiologically

active compound in one or both of the two coacervate phases is bound as particles fn a coacervate matrix 5
and within a coacervate-based aqueous film; and further including the steps of separating the particfes;

and adding a hydrocoiioid to the particles in an amount of 2-20<Vo w/v based on the weight of the
coacervate mixture to form a gel-like surface fflm surrounding the physiologically active compound.
10. A method as claimed in any one of the preceding claims, characterised by adding an antl-oxidant to

the coacervate mixture during preparation. w
11. A method as claimed in any one of the preceding claims, characterised in that it fncfudes the step of

adding a physiologically acceptable alcohol to the coacervate mixture to form a three layer liquid

comprising a lower polar layer, a middle layer, and an upper non-polar layer; separating the middle layer

from the other two layers; adding a second surface active agent to the separated middle layer to form a
second two-phase liquid comprising a lower polar layer and an upper non-polar layer; and adding a 15

phystologicaJly-active compound to one or both of said layers formed from said second two-phase Hqufd.

12. A method as claimed in claim 11, characterised ih that the second two-phase liquid Is separated into

a lower polar layer and an upper non-polar layer and a water-insoluble compound is added to the Upper
non-polar layer.

13. A method as claimed in claim 11, characterised in that the physiologlcafly-actfve compound is 20
water-soluble, and is contained within the lower polar layer of said second two-phase liquid.

14. A method as claimed in any one of the preceding claims, characterised In that the core particles are

encapsulated by a coacervate-based film; and m that the encapsulated particles are contacted wfth a
second coacervate composition to form an additional coacervate-derived film on the particles.

15. A method as claimed in claim 14, characterised in that the second coacervate composition contains 25
0.1 to 50o/o by weight of an additional physiologically-active compound, based on the total weight of the
second coacervate composition.

16. A composition prepared by a method as claimed in any one of the preceding claims.

17. A composition as claimed in claim 16, characterised In that the physiologically-active compouhd is

contained within a liposome core material, preferably enveloped within an aqueous coacervate-based farrt 30
to prevent the liposome from unravelling prematurely.

18. A composition as claimed in claim 17, characterised in that the liposome containing the
physiologically-active compound is formed prior to encasing the liposome within the coacervate-based
film, and wherein the coacervate-based film comprises an aqueous colloid-rich phase, or an aqueous
colloid-poor phase, or a combination of both phases. 35
19. A composition as claimed in any one of claims 16 to 18, characterised in that the coacervate-based

film comprises an aqueous colloid-rich phase, or an aqueous colloid-poor phase, or a combination
thereof from the coacervate mixture.

20. A composition as claimed in any one of claims 16 to 19, for introduction into the bloodstream of a
mammal, characterised in that it further comprises glycerol esters selected from the group consisting of a 40
monoglyceride, a diglyceride, a triglyceride, and mixtures thereof; said physiologically-active compound
being dissolved or dispersed in the glyceride.

21. A composition as claimed In claim 20, characterised in that the glyceride is a mono or diglyceride

having 4 to 24 carbon atoms, preferably 8 to 1 8 carbon atoms.

22. A composition as claimed In either claims 20 or 21, characterised in that it includes ah effective 45
amount of solubilizing agent capable of increasing the solubility of the physiologically-active compound In

the glyceride, said agent being preferably a hydrogenated oil or an unsaturated oil.

23. A composition as claimed in any ohe of claims 20 to 22, characterised in that the glyceride contains

by weight to 50°/o by weight of a hydrogenated oil or an unsaturated oil, preferably In an amount of

about 50/0 by weight to about 1 5Wo by weight of the glyceride. 50
24. An orally ingestible composition as claimed in any one of claims 16 to 23.

25. A composition as claimed in claim 24 for increasing the circulatory volume or Introducing Iron and/or
oxygen into the circulatory system of a mammal characterised in that the physiologically-active

compound comprises an iron containing molecule capable of carrying and releasing oxygen or an oxygen
solvent.

~*
" ~

55
26. A composition as claimed in claim 25, characterised In that the iron-containing molecule capable of

carrying and releasing oxygen is a heme, a hemoprotein, a heme-hemoprotein complex, pyrldoxilated

polymerized hemoglobin, polymerized hemoglobin ; or a mixture thereof.

27. A composition as claimed in claim 24, for controlling the caloric intake of a mammal characterised in

that the composition includes a perhalogenated compound in an amount of from about 300/o .w/v to about 60
500/o w/v based on the total weight of the composition.

28. A composition as claimed in claim 24 for increasing the oxygen content In the circulatory system of a
mammal characterised in that the physiologically-active compound is a combination of a perhalogenated
compound and a compound selected from the group consisting of an Iron-contairilng molecule capable of

carrying and releasing oxygen and an oxygen solvent; said aqueous coacervate system comprising an
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aqueous colloid-rfch phase, an aqueous colloid-poor phase, or a combination thereof; wherein the

coacervate phase includes the perhalogenated compound, and either an iron-containing molecule

capable of carrying and releasing oxygen or an oxygen solvent, or a combination thereof.

29. A composition as claimed in claim 28, characterised in that the iron-containing molecule capable of

carrying and releasing oxygen is selected from the group consisting of heme; a hemoprotein, a
heme-hemoprotein complex; pyridoxyiated hemoglobin; pyridoxylated polymerized hemoglobin and
mixtures thereof.

30. A contrast medium for introduction into the circulatory system of a mammal comprising an orally

ingestibie or injectibie composition as claimed in any one of claims 16 to 23.

31. An anaesthetic composition as claimed in any one of claims 16 to 23, characterised in that the

composition includes an anaesthetic added to the composition during preparation.

32. An Injectibie composition comprising a composition as claimed in any one of claims 16 to 23.

33. A method of administering a physiologically-active compound to a mammal comprising topical

application of a coacervate composition according to any one of claims 16 to 23 on the skin of a mammal;
and applying sound waves to the topically applied coacervate composition to drive the physiologically-ac-

tive compound into the skin.

34. A composition as claimed in any one of claims 16 to 23 for increasing the circulatory volume or

introducing iron and/or oxygen into the circulatory system of a mammal by establishing fluid

communication between the mammal's circulatory system and the composition.
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